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ABSTRACT 



TIm piiE^no of this report io to utlliso a sotsad thoorotical 
fomalation, oonbiaod with tho boot available osporincntal data cki 
intecratod absorption and rotational lino-width, for tho calculation of 
onifjsivitieo of carbcaa nonerddo at rocn toniToratures under oonditicais 
wiioro ovorlapplnc betwoon rotaticajal linoe le noglicibjty saall* 

Tho rosulte of tlio prooent invootication Indicato that colcu- 
latod oriioeivltlos of carbon nonoxido at rooo teeporaturo cro in oxcxsHont 
acro®3ont with ocylrically oboorved data publlobod brr Hottel and Ullrich, 

Tho tliooroticol depondeaco of cnlfiolvlty vpon optical density at low 
optical donaity and ct roeex tonporaturo has boon ohovm to follow tlie 
exporlnontol obsoi*vationa alnost osactly. For low optical donsitios the 
ealculatod eEilsslvlty is found to bo nearly proportional to tlio asouDod 
rotational line-width, thus onrdxaslsinc tho nood for accurato Hno-width 
doteminations at all toc^ratxa^fl. Tlio calculated dopendonce of cndscivity 
on rotational line-^/idth ixomite tho dotorsimtion of ooiissivity not only 
as a l^anction of tcs^poratxire, total pressuro, and optical density, Ixit 
also as a function of oaicontration of optically iixort gas. For nuaerical 
calcrolations of tills typo it is necessary to obtain oxperlncntal data for 
tho dopondonoo of rotational llno-xrfdth on tho concentration of non- 
cjdittinc oaeoa, 

TIio prooont calculations sif’Plonont oarlior tlxoorotical enisoivity 
calculations* t&loh aro valid only at elevated total proosuros wiioro 
exetensivo ovorlappinc of rotational linos occurs. Tho ranco of prossuros 
in uiiicli ovorlapplnG botxxoon rotatioxial lines is neither ostonoivo luxc 
nocHcibly snail has boon oonsidorod only veiy briofly and roquiroo 
furtlxor osnnlnation. 
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I. iirmcDXTioii 

7ho study of radicut hact transfer and rolatod problons haa boon 
Civcn Groat irr -otus in tiio past docado fcy tho dovolopciont of propulsive 
systona dacand tliat cneine and notor coripononts withstand incroaaincly 

hiclier tenporaturcw, Inprovonant tbo ongir® cxid notor cooponents 
roquiros, anor^ othor tliincs, knowlodco of radiant heat trancfor, i^idi 
can be or^roosod as a function of tho cnlssivities of tho g^^cgs foraod by 
oodbustion, Althou{^ ooi'UJidoi’ablo oxpcriracmtal I’osoarch lias boon done on 
tito neasurorjont of {jos oniosivitioo, it b-as boccm iiioroasijaGly evident 
tliat physical lir:d.tatians ")roliibit tljo djjroct eiqxjrinoiital dotoroination 
of gaseous coissivitios at tlio torperaturos and ;^ro 3 suroe vMdi oro 
oncou^iterod in oa;ib’aotion chanbors. Par this reason it is of obvious 
practical Inportaaco to dovelop thoorotloal lastlioda for raldnG ODissivlty 
calc*alaticc'j3, 

Tlic General problaa of onission and absorption of radiation 
involvoB two coGontiolly distinct tyi-xjo of analysis* Qna 
branch of radiant heat tiansfor InveotiGatioas is concomod \ri.th tlio 
dotominntlon of radiant latonoitios if eoiosivitioci abcorptlvitios^ 
arid soattoring coofficionts arc known* Tiieso studios deal xjitii t!io 
pi'oblco of radlativo transfor only* For any definod cooaotric arranG©- 
nont, tJn radiative transfor probloaa can bo foi^:julated without difficulty* 
An Qshauotlvo account of this work nny bo found in a rocontly published 
bo<d; by ClinndrasoMiar^^^ , 

Slnco radiant heat transfer calculatiais roquiro detailed laiow- 
lodcc of cnxisslvitlosj absorptivltios, and scattorinG coofficionts, it 
is ossontlal to considor nothods for the dotenainatioa of tlioso quantities* 
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Tho quantu><ioci^iical problc»23 imrolvod in tho tlioorctioal calculation 
of cnissivity wore solved, in principlo, good yoars aco« The rooulto of 
tlioso thoorctical studios liavo t»on applied, to a linitod ortcrrfc, in the 
uso of opoctrosoopio meaaurorior.ta for flano tcn;3oraturo dotonainatlai 
froo line Intcmaitlos^^^, and for tho cnalycia of aboorj^tioa and on.i3sloa 
of radiation In tho atoosi^eTO^^) , An Inportant mpor ly Dennioon^^^ , 
wit ton laoro than twnl^r yoaro aeo, contains sccao of tlie IxiGlc thooroti- 
oal rolationo i^iidi have boon uaod for numerical aTisolvity oalcrulations 
on carbon nonosdLdo in the prosont otitdiea. 

Earlier cniosivity calculations^ for diatonic noloculos at 
elovatod total pressirrcs uoro bocod upon tlio aceunj'ttlon tliat tho ovoa>- 
lappin^ of iiio rotational lines was so 03dK>naivo that tho s voctral 
absorption coofficient was not a rapidly varying fmiction of tho uavo 
ninbor. With tliis ossiEiption, approsinato enissivity calculations x/ero 
oai’riod out using an avorago si^ectral abserption coofficiont ovor an 
offoctivo width^^*^»*^^ correopmdini;,' to an ontiro vitoatlon-rotation 
bond. Rollablo o:dsoivlty ncasurcaonta at olovatod total prosouroo are 
not yet availablo for cn anpirical vorlfication of those calculations* 
Thoroforo, tlio calculatlcms uoro coru^arod x/ltli noasinxKiontG nado by 
Ullrich and Kottol at etaoopJiorio prosjruro. At atnosphoric pressure, 
the assuEiptiou of ox-rtensivo overlapping of tJio rotational lines doos not 
apply and it was not urKnrpoctod to find tlxat ojo^oriiacntally doterLiined 
oaissivitloB at lou optical doncitios wero consldorably louor tlian tbo 
cc.loulatod v&luos. Tho obsorvod diacropancles ore tlw rooult of the 
fact that the broodeninc of tho rotational lines at atnosphoric pressure 
is far less than is nocecjsary to juetil^ tlie uso of average abooxvtion 
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oooffloicnta. For incrGacii'iC valuco of opticjal doiiolty, tho o:cporl’iental 
onic3sivlty noan’XNXioiits were found to a>v.'roadi and -yioa oxcood tbo cal- 
eulatod caiaaivitioo &o tho xToakor rotational linos, which lio outcido 
tli® ranc’Q tlio ostinatod Tbenduidth, ocwitributod noro and noro to tho 
radiant lioat trajisfer. Those results indicate tiiat th-io apnroxinato 
notJiod of radiant boat transfer calculations is vpJ.id for tlio conditions 
for wMch it vjas dovolopod, i.o,, ortonsivo ororlapping of rotatioixil 
linos at olovatod total pressurot such that an avora£jo spectral ab- 
sorption coefficient could bo used over an effective vidtlx corros;x»ndinc 
to tho ontii'o band* 

It is of obvious inportanoo to apply a cctliod for tho calculation 
of eoissivlties under conditioos for diioh ovorla’jplnc o£ rotational 
linos is nogligibly snail. Such a nothod is available as the result of 
extension of a tooorotical troatnonfe developed by Elfsasoor^^^ , uSiooo 
worb: applied only to equally intonso and equally spaced rotational litKsa 
idiich did not overlap, Tho extonslon to tills troatnent^®^ applies to 
any oyston with non-overlaTOlnc linos. 

The extent of ovorlapping of rotational linos is a function not 
only of total uressujro'but also of optical density. In this report, 
numerical oaisoivity calculations have boon cairriod out for carbon 
nonoxide to supply values of eolsoivity iMdh ore rollablo only at saall 
optical donsitios, l*e,, under conditions such that ovorla'^ping of 
rotational lines nay bo nocloctod. Under tliose conditions the lino 
shape nay bo represented by a dlsriorsion formila, Uso of tho bost 
aAKillable oxperinontol data on intecratod absorption and rotational 
lino-width leads to calculated cnissivltioo at roaa. tcai:>eraturo3 wlilch 



I 



I 
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rjTO in ercallont a.croer:ont \d.tli cnpirically obcox’rod data published ty 
UUridi and Hottel^^^* 71:e tliooratical dopcnc^nco of eriiccivity upon 
optical density at rooa tcEjperaturo Ivis boon choun to follow; tiKJ c»- 
porlnontol observations alsaost erzictly. 

For low c^ioal doiujitioo, tlio calculated ociicsivity is foxtnd to 
bo nooi’ly proportional to tho aacTned rotational lino-^/idtli, thus 
crrpliasiaing t!io nood for acciu:^ato lino-^riLdth dotomirotio’-js at olorotod 
toaporatures* Tlie calcalatod dopaidonoo of onicslvity on rotational 
lino-A'ddth pannitG tlio detorriinatioa of oaiDolvity not only as a function 
of tonporatupe, total proasiare, end optical density, but also as a 
function of conoontrati«Q of optically Inart o^s* For nisnorical cal- 
culations of tills typo it is nocossary to have OKporicsontal data for the 
dopondonce of rotational line-id,dth on tho conoontration of ncn-cnittinG 
eases. 
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II. nfiD.-ilSIiTAL TICGTCnCAL ICUIICI-S ,(F R.fJ)LAIff HEAT TUMSFER 

As a bGc!^roi 2 id for tho rarwriccJ. calculctiona i^iich Tollou, tills 
section \dll be devotod to a presontation of tbs bosie tlisorotical 
oquations of racUant boat tixinsfor. 

Radiation fma a boated cos orl(iinatos with a trarsition frm an 
excitod onerey lovol to a loitOT energy lovol* Thooo transitions nay 
corroepond to diances in olocrtronic, vibrational, or rotational energy. 

Tlio olcctronlc transitions, involving audx groator energy dioacoa than 

V 

the othora, genorally prodijoo sradiatioa in either tlio visible or ultra- 
violet rogiona of tlio spectrija. Vibration-rotation transitions load to 
ocioaicn in the nocr infrarod aiid infrared regions of tlio opoctrusi. 

A radiating gas enits onorfy ovor a iwH-dofinod rang© of 
froquoncioo, eadi Individual transition contrilxiting to this mnfo. Tlio 
total radiation is obtalnod ty sicming tho radiant intonsitios corrosijaal- 
ing to tho individual trai^itlons. A tlioorotical calculation roquiros 
tho laicwlodge of: 

(a) Tiio mnbor of nolooulos and atoeao in oaoh of tlio various 
energy lovols. Witli tho c3-:urptioa of tlierrial oquilibriua, tliio distri- 
bution con bo calculated fSrra qxt?iitm statistics. 

(b) 5ho froquoncios corroci>ondlnc to tliooo transitions nuot bo 
hnown, S;^ctroscopic noasurorjonts ore availablo whldi will i)omit those 
f5:^)quonclo3 to bo calculntod idth a hieJh degroo of accuracy. 

(c) Tho spectral lino sliapo nxust b© loiown os a function of tonr- 
peraturo and prossuro, Altliough this infoneation is not Isiown accuratoly, 
calculations of Doppler half-uidt!i and’ tho effect of collision broadening 
boood on rocontly publishod Infrarod aboorj)tion noaourenonts^^^ may 
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fcr:iit !5c.tiafactory OGtl-r.tos. 

(<2) For fjivon tra:i 2 itioiis, tho iiatoncitieo of rc.dic.tion dopond on 
tho trcjoaition probcbllitico \;uicli aro rolntod to tl:e croorinontclly 



At ordinary tccperaturos tho only Inportcnt contribations to 
radiant heat transfor origimto with tho infrarod vibrc.tion-rotation 
bo::da. T!iorofo3?o, calculationo will bo rootrictod to thio spectral 
rocion. At rooia tccporature tlio problcn my bo sixiplifiod further oinoo 
only collision bi'oadonlnc nakeo important oontribiitiona to tho lino- 



Tho <5pGctral radiatiem inteiwity enittod by a blackbody is c^von 
by tlio woU-fcnown Planck diatributiotti lav: 



start, c is tlio velocity of lirjht, k equals tlio Boltsixinn constant, and 
T 5 j 3 the absolute tomporaturo of tho bladcbody onlttor. It follows that 



area of blackbody por unit tin® in the froquoncy intorval between 



Acoordin{5 to th® basic lav for tho absolution of nonodrrenatio 
radiation, tho fractional deoreaso in spootral H^iit intensity Is pro- 
portional to the optical density, i,o,. 




vidth* 




( 1 ) 




/ / 
end y * d f • 




( 2 ) 
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viiaro pL rcprooonta tiao optical denaity tho product o£* the optical 

path lon^tdi L oi^d the part id procoiu'o of the CQSooua absorbor p) , and 
IV is the spectral absorption coefficient • 

Integration of Uq, (2) results in tho osproosion: 



vhore le tlie intensity of transmitted light in the ci^ctral rogion 
botwon H and /-'+ d/^, and is tho Intensity of tl» incident liglit in 
tl)e son© spectral rai'ic®* 7ho intensity of tho Hf^it aboorbod is, thoro-* 
foro, 



According to Klrdihoff 's lav tho ratio of tho opoctral ociisslvity 
to tho spectral abaarptivil^r ia unity for all eubotanoos \Aich oro in 
thoi^^al oqullihrina, Tlio OElssivity is dofined as tlio ratio of tlie In- 
tonoity of radiation anitted by a substance per unit aroa of emit tor per 
unit tiino under ci^ecifiod conditions of tcr^eraturo and prossure, dlridod 
by the liitensity of radiation onittod by a blacJd^ody ixjr unit area per 
unit tiiao undor tlie oaao conditions. Tlio absorptivi’ty (i*e., the fracs- 
tion of radiation absorbod) is evidently 1 - by 3q, ( 4 ). Honco 

It follows froQ Kirchboff*B law tlxat tho oaisslvity Ic also given by the 
o:rjr©ODlon 




(3) 




(4) 



1 - 



( 5 ) 



uho::^ both tlio spectral coisoivity {.€>') and tho epootral al^orption 
coofficiont (/?.) Z!TQ functions of tho wavo ninbor A^and tlio absoluto 



I 

I 

I 



tocv^'ierat-iro ? 



TIiq dio^xiroion foiraula of Loronts, uhidi io knovn to givo a oatlo- 
factory ropreoontction of lino ol'iapo at nodorato press uroo and at too- 
ixjrr.tureo la-.; cmouf^i to pomit noclect of Bopplor broadoning, nay b« 
written as 



for a single rotational lino, Tlio tera ropreaento the Intogratod 
absorption for tiio line vdiose oontor lies at tbs wavo nm'uor The 

quantity of is tlis spootral half-tri.dtli, \4iida is defined as that fro- 
qiKjncy tatorval for tho aboorption is creator tlian ono-lialf of 

its osadiaup value, Tho wavo nuabers represontod by nay bo calculatod 
froc: tho Bolir ftoquoncy rule, 

Tlio spectral absorption coofficient rosulting frea all tho 
rotational transitions of tho fundanoi^tal vibration-rotation brjid iS| by 
on obvious erfconsion of Eq, (6), 




( 7 ) 



wiioro 




0 1 



» tlie Intecaratod absorption for tho traneitlon 
In which tho vibrcitional quontua nunber 
chencoa froQ 0 to 1 and t2ie rotational 
quantun nunber free j to J - 1^ 
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" til© rotc.tioi)al half-vridth of tI:o opoctral liaca 



is assumed to fao sar^o for all of 



tlie rotational linos. 







VS 



tl’.o wavo nunl)or of the lino oontor of tlio 



indleatod transition. 



At olevatod teeapcraturos the value of in tte rof^ion of the 
fondenental vibration-rotation bcmd will bo Ijxfluoncod by tlio contribu- 
tion fycci trancltions Involving onorcy statos above tho first excited 
vibrational levol. Tliis influonco can bo accountod for by including nn 
apprcnrlate oorlos of toms in Eq. (7) for chonceo In vibs*atloixi3. quantm 
nmber n n + 1. 

Prom the relation for tho spectral onlssivity civon in 53q, (5), 

It follo\;s tlxit tho total oquilibirlua intonsity of radiation onltted per 
unit curfcoe area por unit tioo into a solid ancl® of STT'gtoradians in 
the wavo nuebor Interval botwoon >^and /^+ d/^ty heatod cases diotributod 
unlforaly at an optical density of pL is; 



Hore is the intensity of radiation raalttod by a blackbody in the wave 
number interval bot\A>cn h' and h' * Into a solid ancle of 2 TTstoradiens 



(l) by nultlplylnc by c/4. It is clven analytically by tho relation: 






< 9 ) 



where 
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“ wiivo nutibor (cri“^) 

" » absoluta toEnoraturo 

» 2irtAx = 3.732 x ICr^ ore - cn2 soc"^ 

- <ivV « 1.432 <n - ®K 

Acoordlns to the Stophan-Boltanann law, wliidi is obtained b^r 
intocrating Sq* (9) ovor tlia wave nimber interval from soro to iixfinity, 
tho total enorQr oEiittod by a blacldxsdy is propoii;ional to th© foua’th 
power of tlx) abaoluto tenp^ia-tare, i.©., 

= <rT^ (10) 

where o' is tlio Stoplian-Boltarsinn constant. Tbo onginooi*inn definition 
of tho overall ealaoivity ia 

0O 

S u /<r^ ( 11 ) 

Sinco th© interest ' lioro is in ccapcrlnc theoretical calculations uitli 
ocrpiricaUy dotonainod (oncinoorinc) eaissivitios, furthor discussion 
will b© restricted to Eq. (11). 

Tho probloo of cmiBOivlty calculations roduoea to tbo evaluation 
of intocrolo of tl^o tyi3« sboim as Eq. (11) , This intogration can bo 
acccsQplislisd if tho width of tlia rotational linos is so snail tiiat they 
any bo troatod os being conplotoly oofiaratod, Tliis problea is oonsiderod 
in Section IV wlioro it will bo shown that tho results obtained are 
applicable at nodorato total prosaurcs provided tho optical donoitioe 
are not too largo. Tlio intograls can also bo ovaluatod appro:dnato2y if 
tlio prcDQuros aro so higii tliat o:ctonsivo overlapping of tlie rotational 
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linaa occuTB. Tho prcDam^s cxporienced in rocket ooiibuctioa dic!a’j03ro 
cro Bufficiently hif^ to jistlfy a troatnont baood on orbenoive ovar- 
lai^ing of rotational linos for Gcny boIocuIos,^*^^ Calculatioi'ui of th© 
eaioslvlties of c^oos at intoinodiate proootirca and optical densities 
aro tjore conpHcatod as tbo result of partial ovorlappino of rotational 
linos. 
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111, B131C liTICTCL'iL DATA 

Thia section will bo dsvotod to a con’.iilatlon of tlio ntr^arical 
data viiich aro neoossary for -erfominc eaiscivity calctilationc, 

A. Detamination of Llno-tJldtbc 

The sjicctral liiM tolT-^dth o( lo dofinod as the fjrocraoncjjr interval 
for tho absorption lo creator tijon ono~half ite nssinirj value* Tho 

dotoraination of ite nacnitudo under difforcaat conditions of optical 
density, total preoouro, and to»3poratirro is ooaplicatod by tho nuribor 
of Influonoinc factors, ouch as Doppler aroadoning, oollioioa broodoninc, 
Von dor VJaal'o broadonlng, olootrio fioldo, cto* diich offoct its valto*^^) 

TIio natural lialf»^idtlx of tho rotational linos is necHcibly 
sra.ll* Available tlioorotical ai>2 cioorinontcl infer. 'atlon^^»^^ indi- 
cates that tho rotational linos of a siro/’lo diatoclc nolcculo at noderato 
prossuros nay bo considorod to be cotxposod primrlly of tl» contributions 
rooultlng firon Doi>plor and collision broadciiine* 

The Doppler half-^/idth of a rotational lino is e3qux530od ly tlio 
rolation^^^ , 

0( i, • (lo2 2)“' (2IS/iIc^)Vo 

ulioTO R is tiie cpa constant por nolo, li is tho noloculor weidht of tlio 
endttinc cos, and is liio uavo ranber of tlio contor of tlis rotational 
lino, 

Tlio half -width c(q resulting free colHsion broodoninc can be 
o’otoinod froa tlio rolation^^^. 
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o<<, - (l/rr)(2nKT)^'Uj/!^ (13) 

whor© p ifl the optical ooUision dioaotor liiich nuct bo detoralned 
acpirlcoLly, and and ere tho naaoea of tlio port«rbir .3 and aboorbinG 
noloculos, i*e«i:)octivo3jr« 

Roforonco to Bq, (12) ladloatoa tliat tho Doijplor half -width can 

b© detorninod idthout tl» uso of ««3X32*incntal data. For tlio caao of 

interegt in coimoction witii the prosont oniaoivity ooloalationa, i.e,, 

at tonporatisrec of 300 oiid 500® K, th© Doppler holf-’.ridth la necligil^ 

ODEill ooeperod to (For CO at 500® K with ©qual to 2100 ceT^ it 

io found that ~ 2,1 x icr^ cn*^,) 

It ia evidont that cannot ba calculated fren Eq, (13) olaoo /o 

nust bo dotcTCiinod osporiijontally. For tho proaent flcJ-culationa, 

e:q>e3rlaoatal2y dotoitii»3d valuoo of tho rotational half-width will be 

(17) 

uaod. It haa boen foiznd' ' that tlie rotational half-width for Bolf- 
hroodoiilnc of CO ia 0,077 ccT^ atoT^, Tho colculationo doacribod ia 
Section V Indicate that thio toIus for tho rotatiorjol lialf-wldth leada 
to good ogreonont with tho ojqporinontally detomlnkod ooiseivitica reported 
ty UUrioh, who, liowovor, perfenssod his rwaourccionta on nixturos of CO 
and air. The rotational lialf-wldth for CO-cir nixturoo hoa not been 
Ejeacxirod, It is probably scrncwlint loo» than 0,077 cn*^ ata“^. 

B. Calfflilatirtfi of Lino c©Qt<»-a. for, Vibzxittea-flQtetiqi 

According to the Bohr frequent^ rule, tlie tronoltlon between two 
non-doconorate ctationary energy etatca and xdioro ^ will bo 
acooEqxmied by tho eaisalon of radiant onercy of the fTequoncy: 



u 




( 24 ) 



vdicro h is conatcnt and c io tho voloclty of Idgiit. It is tioU 
Imoun that tiio oiiorcy Icvols for a diatcaaio vibratijno-rotating nolcculo 
can bo osiawssed accurataZy^^®^ by the relation 



* "k ^ '*‘'t ) hcKehe ^j(/*/)hcSc ( 15 ) 

De ~ ~k )j (j he c<.' 

vhere 



y* “ (/- X.) = hh(i-2te) 

= :XoHo - Xey'e 
J3o * J^Q ~2 ^ 




The empirical constants for carbon nonosld® ore^^®^ 

= 2142.3 ca*^ 

& = 1.916 03 “^ 

» 0.00620 
'Jiie = 0.006124 
y “ 0.06094 
$" = 0.0091 
pL «* 3.199 

Tiie wavo nttiboro of tho Oijoctral lino contora oaoociatod wltli tlK> 
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TABIE I 

WLVS (aa*^) coaRTSPaDirx; to cinjoY mvisiriccs 

POl THE F0IDA2S1TAL VI2a.^TI(3I-P.arATI0JI a\ID CF CO 

n-*»n + l, Aj a 



2^3 3-^4 4-^5 5 - 4-6 



i -4- 3 


- 1 


0 — 1 


1 — 2 


1 -4- 


0 


2133.4 


2119.7 


2 


1 


2134.6 


2103,1 


3 -4. 


2 


2130.6 




4-4- 


3 


2126.6 


2100.3 


5 -*• 


4 


2122.6 




6 ... 


5 


2nS.6 


2092.3 


7 -*• 


6 


2114.5 




3 .. 


7 


2110.4 


2034.2 


9 — 


3 


2106.3 




10 ... 


9 


2102.1 


2076,0 


11 


10 


2097.9 




12 


U 


2093.6 


2067.6 


13 -4- 


12 


2039.3 




U-4- 


13 


2085.0 


2059.1 


15 -4- 


14 


2030.7 




16 ... 


15 


2076.3 


2050.4 


17 


16 


2071.9 




18 — 


17 


2067.4 


2041.7 


19 — 


13 


2063.0 




20 -* 


19 


2053.4 


2052.8 


22 .. 


21 


2049.3 


2023.8 


24 -4. 


23 


2040.1 


2014.6 


26 


25 


2030.6 


2005.3 


23 ... 


27 


2021.1 


1995.9 


30 


29 


2011.5 


1936.4 


32 ... 


31 


2001.7 


1976.7 


34 — 


33 


1991.3 


19<^.0 


36 ... 


35 


1981.3 


1957,1 


33 


37 


1971.7 


1947.0 


40 


39 


1961.4 


1936.9 


42 ... 


a 


1951.0 


1926.7 


44 — 


43 


1940.5 


1916.3 


46 


45 


1929.9 


1905.8 


48.^ 


47 


1919.1 


1395.2 


50 -4- 


49 


1903*3 


1384.5 



2035.4 


2053,9 


2032.4 


2005.9 


2031.6 


2055.1 


2023.6 


2002.1 


2073.3 


2047.4 


2021.0 


1994.6 


2066,0 


2039.6 


2033.2 


1936.9 


2057.9 


2031.6 


2005.4 


1979.1 


2049.3 


2023.5 


1997.3 


1971.1 


2041.5 


2015.3 


1939.2 


1963.1 


2033.0 


2006.9 


1930.9 


1954.3 


2024.5 


1993,4 


1972,4 


1946.5 


2015.8 


1939.8 


1963.9 


1933.0 


2006,9 


1981.0 


1955.2 


1929.4 


1993.0 


1972.2 


1946.4 


1920.6 


1933,9 


1963.1 


1937.4 


1911.8 


1979.7 


1954.0 


1923.4 


1902,8 


1970.3 


1944.7 


1919.2 


1893.6 


1960.9 


1935.3 


1909.9 


1384.4 


1951.3 


1927.3 


1900.4 


1375.0 


1941.6 


1916.1 


1390,8 


1365.5 


1931.7 


1906.4 


1381.2 


1855.9 


1921,3 


1396.5 


1371.4 


1846.2 


1911.7 


1836.5 


1361.4 


1836.3 


1901,6 


1376,4 


1351.4 


1826.3 


1391.3 


1366.1 


iaa.2 


1B16.2 


1380.8 


1855.8 


1831.0 


1306.0 


1370,3 


1345.3 


1820.6 


1795.7 


1359.7 


1834.7 


1310.1 


1785.3 



6-4-7 



1979.3 

1975.6 

1968.1 

1960.5 

1952.8 

1944.9 

1936.8 

1925.7 

1920.4 

1912.0 

1903.4 

1394.8 
18^.9 

1377.0 

1867.9 

1858.8 

1849.5 

1840.0 

1330.5 

1820.8 

1811.0 

1801.1 

1791.1 

1790.9 
1770.7 
1760.3 
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7ADIS I (CajnilOED) 



j - J 


- 1 


0 1 


1 2 


2-1-3 


3 -*-4 


4 5 


5 6 


6-^7 


52 


51 


1897.3 


1873.7 


1848.9 


IS24.O 


1799.5 


1774.8 


1749.8 


54 


53 


1886.2 


1862.7 


1838.1 


1313.2 


1788.7 


1764.1 


1739.2 


56 


55 


1375.0 


1851.7 


1827.1 


1802.3 


1777.9 


1753.4 


1728.5 


58 




1863.8 


1840.6 


1816.0 


1791.3 


1767.0 


1742.5 


1717.7 


60 


59 


1852.3 


1329.3 


1004.3 


1780.2 


1755.9 


1731.5 


1706.8 


62 -► 


61 


1840.8 


1317.9 


1793.5 


1760.0 


1744.8 


1720.4 


1695.8 


64 


63 


1829.2 


1806.5 


1782.1 


1757.6 


1733.5 


1709.3 


1604.7 


66 ^ 


65 


1817.5 


1794.9 


1770.6 


1746.2 


1722.2 


1698.0 


1673.4 


63 -♦• 


67 


1805.6 


1783.2 


1759.0 


1734.6 


1710.7 


16^.6 


1662.1 


70 


69 


1793.6 


1771.5 


1747.4 


1723.0 


1699.2 


1675.1 


1650.7 


72 


71 


1781.6 


1759.6 


1735.6 


1711.3 


1676.9 


1663.5 


1639.2 


74-^ 


73 


1769.5 


1757.7 


1723.7 


1699.4 


1675.3 


1651.8 


1627.5 


76 


75 


1757.2 


1735.6 


17U.7 


1687.4 


1663.9 


I64O.O 


1615.3 


78 


77 


1744.9 


1723.4 


1699.6 


1675.4 


1652,0 


1623.2 


1604.0 


30 


79 


1732.4 


1721.2 


1637.4 


1663.3 


1639.9 


1616.2 


1592.1 


82 


81 


1719.9 


1698.8 


1675.1 


1651.1 


1627.8 


1604.1 


1580.1 


84 


83 


1707.2 


1686.4 


1662.7 


1638.8 


1615.5 


1592.0 


1565.0 


36 ^ 


85 


1694.5 


1673.8 


1650.3 


1626.4 


1603.2 


1579.7 


1555.3 


83 — 


87 


1681.7 


1661.2 


1637.7 


1613.8 


1590.8 


1567.4 


1543.5 


90 ^ 


09 


1668.8 


1648.5 


1625.1 


1601.3 


1578.3 


1555.0 


1531.1 


92 


91 


1655.8 


1635.7 


1612.4 


1583.6 


1565.7 


1542.5 


1513.6 


94 


93 


1642.7 


1622.8 


1599.6 


1575.8 


1553.1 


1529.9 


1506.1 


96-»- 


95 


1629.5 


1609.9 


1586.7 


1563.0 


1540.3 


1517.2 


U93.5 


98 «». 


97 


1616.2 


1596.8 


1573.7 


1550.1 


1527.5 


1504.4 


1480.7 


K)Q 


99 


1602.9 


1583.7 


1560.6 


1537.1 


1514.6 


1490.8 


3467.9 


105 


104 


1560.1 


1550.5 


1527.6 


1504.2 


1481.9 


3459.1 


3435.6 


110 


109 


1534.9 


1516.8 


U94.1 


I470.S 


1448.7 


1426.1 


1402.7 


115 


U 4 


1500.1 


2482.7 


1460.1 


1436.8 


1415.1 


1392.6 


1369.4 


120 


119 


1464.9 


1448.1 


1425.7 


1402.6 


2381.1 


1358.8 


1335.6 


125 


124 


1429.2 


1413.0 


1390.S 


1367.9 


3346.5 


1324.4 


1301.4 


130 


229 


2393.1 


1377.6 


1355.6 


1332.7 


1311.6 


22i^.7 


3266.8 



“'S Pi SI a as ft a a a a 8 ?! K 

H I < H U H H H n f H t H M i i 1 1 n i H M 

° a si £i a s a;3 a 9 s a !5 s ft R? R s ft R d 9 « Ej § 
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TABIT. n 

UAVE I^UlBKuS (ccrl) CCRnS3Pa3inG TO EimiY TRAISITIOIB 
POR TIE rJIiDAII2JTAL VmATIOlWtCCATIOII a\!D (F CO 



J -1 



n -*► n + 1 , 



0 1 


1 2 


2-^3 


2146.1 


2119.6 


2093.0 


2149.9 


2123.3 


2096.7 


2153.7 






2157.4 


2130.7 


21D4-0 


2161.1 






2164.7 


2138.0 


2111.2 


2163.3 






2171.9 


2345.1 


2113.2 


2175.4 






2178.9 


2152.1 


2125.1 


2132.4 






2185.3 


2153.9 


2131.9 


2139.2 






2192.5 


2165.6 


2138.5 


2195.8 






2199.1 


2172.1 


2344.9 


2202.3 






2205.5 


2173.5 


2151.2 


220G.7 






2211.S 


2134.7 


21^.4 


2217.9 


2190.8 


2263.4 


2223.9 


2196.7 


2269.2 


2229.7 


2202.4 


2174.9 


2235.3 


2203.0 


2180,5 


2240.3 


2213.5 


2185.8 


2246.1 


2218.8 


2191.1 


2251.3 


2223.9 


2196.1 


2256.3 


2223.9 


2201.0 


2261.1 


2233.7 


2205.7 


2265.3 


2233,3 


2210,3 


2270.3 


2242#S 


2214.7 


2274.6 


2247.1 


2213,9 


2273.3 


2251.2 


2223.0 


2232.7 


2255.2 


2226,9 


2236.6 


2259.0 


222 « D.6 



Aj • + 1 



3 4 


4-^5 


5 ->• 6 


2066.4 


2039.8 


2013.2 


2070.0 


2043.4 


2026.8 


2077.3 


2050.6 


2023.9 


2084.4 


2057.6 


2030,9 


2091.4 


2064.5 


2037.7 


2093.2 


2071.3 


2044.4 


2104.9 


2077.9 


2051.0 


2111.4 


2084.4 


2057.3 


2117.0 


2090.7 


2063.6 


2124.0 


2096.3 


2069.7 


2130.1 


2102.9 


2075.6 


2136.0 


2303,7 


2031.4 


2341.8 


2114.4 


2037,0 


2147.4 


2120.0 


2092,5 


2152.8 


2125.3 


2097.3 


2153.1 


2130.6 


2103.0 


23 j 63.3 


2135.7 


2108.0 


2168.2 


2U0.6 


2112,3 


2173.1 


2145.3 


2117.5 


2177.7 


2149.9 


2222.0 


2132.2 


2154.3 


2126.4 


2136.5 


2153.6 


2130.6 


2190.7 


2162.7 


2134,6 


2194.7 


2166.6 


2133.5 


2193.5 


2170.4 


2L ' k 2.2 


2202.2 


2174.0 


2145.7 



6 -»-7 



1936.5 

1950.1 

1997.2 

2004.1 

2010.5 

2017.4 

2023.9 

2030.2 

2036.4 

2042.4 

2043.3 

2054.0 

2059.5 

2064.9 

2070.2 

2075.5 

2030.2 

2005. 0 

2009.2 

2094.0 

2093.3 

2102.4 

2106.3 

2110.1 
2113.7 
2117.2 



la 



TADIS n (CC:ffI!IUa)) 



J - 1 J 


0 1 


1 - 4 . 2 


2 3 


3-^4 


4-^5 


5-^6 


51 -*• 


52 


2290,2 


2262.6 


2234.2 


2205.6 


2177.4 


2149.0 


53 


54 


2293.7 


2266.1 


2233.0 


2209.0 


2180.7 


2152,2 


55 -*• 


56 


2296.9 


2269,4 


2240.8 


2212.1 


2103.7 


2155.2 


57 


58 


2300.1 


2272.5 


2243.9 


2215.1 


2186,6 


2158.1 


59 


60 


2303.0 


2275.4 


2246.7 


2217.8 


2189.4 


2160.9 


61 


62 


2305.7 


2278.2 


2249.4 


2220.5 


2191.9 


2163.2 


63 


64 


2308.3 


2280.8 


2251.9 


2222.9 


2194.3 


2165.5 


65 -i- 


66 


2310,7 


2203.2 


2254.3 


2225.1 


2196.5 


2167.6 


m 


68 


2312.9 


2285.4 


2256.4 


2227.2 


2198.5 


2169.5 


69 -e 


70 


2315.0 


2237.4 


2258.4 


2229.1 


2200.3 


2171.3 


71 


72 


2316.8 


2289.3 


2260.2 


2230.8 


2202.0 


2172.9 


73 


74 


2318,5 


2291.0 


2261.3 


2232.3 


2203.4 


2174.3 


75 


76 


2319.9 


2292,5 


2263.2 


2233.6 


2204.7 


2175.5 


77 -»• 


78 


2321.3 


2293.8 


2264.4 


2234.8 


2205.8 


2176.5 


79 


SO 


2322.3 


2294.9 


2265.5 


2235.8 


2206.7 


2177.3 


31 


82 


2323.2 


2295.8 


2266.3 


22^,8 


2207.4 


2173.0 


83 -*• 


84 


2323.9 


2296,6 


2267.0 


2237.1 


2207.9 


2173.5 


85 


86 


2324.5 


2297.1 


2267.5 


2237.5 


2203.3 


2173,7 


87 


83 


2324.8 


2297.5 


22^.8 


2237.7 


2208,4 


2178.8 


39 -*• 


90 


2324.9 


2297.6 


2267.9 


2237.7 


22084 


2173.7 


91-^ 


92 


2324.8 


2297.6 


2267.8 


2237.5 


2208.1 


2178.4 


93 


94 


2324.6 


2297.3 


2267.5 


2237.1 


2207.7 


2177.8 


95 


96 


2324.1 


2296.9 


2267.0 


2236.5 


2207.1 


2177.1 


97 


98 


2323.4 


2296.3 


2266.3 


2235.8 


2206.2 


2176.2 


99 -*• 


100 


2322,6 


2295,5 


2265.4 


2234,6 


2205.2 


2175.1 


K4 


105 


2319.5 


2292.6 


2262,3 


2231.4 


2201.7 


2171,5 


109 


no 


2315.1 


2283.4 


2257.9 


2226.8 


2197.0 


2166.6 




ns 


2309.5 


2282.9 


2252.2 


2220.9 


2191.0 


2160.4 


119 -1- 


120 


2302.5 


2276.0 


2245.2 


2213.9 


2183.6 


2152.9 


124 -» 


125 


2294.2 


2267,9 


2236.9 


2205,2 


2175.0 


2144.0 


329 


130 


2284.5 


2253.4 


2227.3 


2195.2 


2165.0 


2133.8 



6 7 



2L20.4 

2123.5 

2126.5 
2129.2 
2131. S 

2134.2 

2136.4 

2138.4 

2140.3 
2142.0 
2L534. 
2244.8 
2145.9 
2146.8 

2147.6 
2148.1 
21V5.5 

2143.7 
2U8.7 

2148.5 

2148.1 

2247.5 

2146.7 

2145.7 

2144.5 

2140.6 

2135.5 

2129.0 

2121.3 
2112,2 
21D1.8 
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TABLE in 



WAVE NUMBERS (om"*^) CCRRESPOIffilliG TO ENERGY TRAI^SITIONS 

( 

FCR THE VIBRATION-ROTATION BAND OP THE FIRST OVERTONE OF CO 









n n 


+ 2, Aj » 


-1 






1 3 


- 1 


0 2 


1 -^3 


2-^4 


3 5 


4 — ► 6 


5 -»-7 


1 


0 


4254.2 


4201,1 


4148.0 


4094.9 


4041.9 


3938,8 


2 


1 


4250.3 


a97.2 


4344.1 


4091.1 


4038.1 


3935.0 


3 


2 














4 “*» 


3 


4242.2 


4189.2 


4136.2 


4083.5 


4030.3 


3977.3 


5 


4 














6 


5 


4233.9 


4180.9 


4128.0 


4075.1 


4022.3 


3969.4 


7 -*• 


6 














8 4- 


7 


4225.2 


4172.4 


4119.5 


4066.7 


4013.9 


3961.0 


9 


8 














10 — 


9 


4226.3 


4163.6 


4110.7 


4053.0 


4005.3 


3952.5 


11 


ID 














22 — 


11 


4207.1 


■ 4154.4 


4101.7 


4049.0 


3996.4 


3943.6 


23 — 


12 














U 


13 


4197.6 


4145.0 


4092.4 


4039.8 


3937.3 


3934.5 


15 — 


14 














16 


15 


4187.9 


4135.4 


'4082,7 


4030.3 


3977.8 


3925.2 


17 


16 














IS 


17 


a77.9 


4125.4 


4072.9 


4020,4 


3963,0 


3915.5 


19 


18 














20 


19 


4167.6 


4115.2 


41Q62.8 


4OID.4 


3958.1 


3905.6 


22 — 


21 


4157.0 


41C4.8 


4052.3 


4000,0 


3947.8 


3995.4 


2 L -»» 


23 


4246.2 


4094.0 


40a.7 


3989,4 


3937.4 


3804.9 




25 


4135.0 


4083.0 


40^.7 


3978.6 


3926.5 


3874.2 


2G — 


27 


4123.7 


4071.8 


4019.5 


3967.4 


3915.4 


3863.2 


30 ^ 


29 


4U2.0 


4060,2 


40OS.O 


3956.0 


3904.0 


3851.9 


32 — 


31 


4100.1 


4048.4 


3996.3 


3944.4 


3892.5 


3C34D.4 


34 


33 


4087.9 


4036.4 


3984.3 


3932.4 


3880.6 


3828,6 


36-4. 


35 


4075.5 


4024.0 


3972.0 


3920.2 


3868.5 


3816.6 


33 


37 


4062.8 


40U4 

3998.6 


3959.5 


3907.8 


3856.1 


3804.2 


40 


39 


■ 4049.8 


3946.7 


3395.0 


3343.5 


3791.6 


42 


a 


4036.6 


3985.4 


3933.7 


3332.0 


3830.6 


3778.8 


44-.. 


43 


4022.1 


3972.0 


3920.4 


3368.8 


3317.4 


3765.7 


2-^ 


45 


4007.8 


3958,4 


3906.S 


3855.4 


3304.0 


3752.4 


4S — 


47 


3995.3 


3944.6 


3893.0 


3841.6 


3790.4 


3738.8 


50 


49 


3981.1 


3930.4 


3879.0 


3327.6 


3776.4 


3724.9 



20 



S 5 



52 
54 

56 — 

53 
60 
62 




63 -«- 

70 

72 

74 -*■ 

76 

73 
30 

32 

34 -*• 

36 

33 ^ 
90 

92 

94 ->• 

96 ^ 

93 

100 ^ 
105 -** 
no 

U5 — 
320 
325 
330 



TABIE ni (CO:’TIiruSD) 



- 1 


0-^2 


1-^3 


51 


3966,6 


3916.0 


53 


3951.8 


3901.4 


55 


3936,8 


3086.6 


57 


3921.5 


3071.4 


59 


3906,0 


3356.0 


61 


3090.2 


3840.4 


63 


3374.2 


3324.6 


65 


3057.9 


>003.4 


(f/ 


30a.4 


3792.1 


69 


3324.7 


3775.5 


71 


3007.7 


3758.7 


73 


3790.4 


37a.6 


75 


3773.0 


3724.2 


77 


3755.2 


3706.8 


79 


3737.2 


3633.9 


81 


3719.2 


3670.9 


33 


3700.7 


3652.6 


85 


3632.0 


3634.2 


87 


3663.2 


3615.4 


39 


3644.0 


3596.5 


91 


3624.6 


3577.4 


93 


3605.1 


3562.0 


95 


3585.3 


3530.3 


97 


3565.2 


3513.4 


99 


3544.9 


3493.4 


104 


3493.3 


3447.2 


1D9 


3440.3 


3394.7 


134 


3385.9 


3340.3 


U9 


3330.1 


3285.6 


124 


3273,0 


3229.0 


129 


3214.6 


3171.2 



2-^4 3-^5 4-*-6 



3364.6 3313,4 3762.3 

3350.1 3798.9 3747.8 

3335.2 3784.1 3733.2 

3820.2 37<^.l 3713.3 

3804.3 3753.9 3703.1 

3739.3 37384 3687.7 

3773.5 3722.6 3672.0 

3757.4 3706.6 3656.1 

37a.l 3690.4 3640.0 

3724.5 3673.9 3623.6 

3707.8 3657.2 36C7.5 

3690.8 3604.3 3590.1 

3673.5 3623.1 3573.0 

3656.0 3605.6 3555.7 

3638.3 3533.0 3533,1 

3620.3 3570.1 3520.3 

3602.1 3552.0 3502.3 

3533.7 3533.6 3404.0 

3565.0 3515,0 3465.4 

3546.1 3496.2 3446.7 

3527.0 3477.1 3427.7 

35CT7.7 3457.3 34D3.6 

3433.1 3433.4 3339.2 

3463.3 3413.6 3369.5 

3443.3 3393.7 3349.6 

3397.2 3347.8 3299.0 

3344.3 3295.6 3247.0 

3291.0 3242.0 3193.6 

3236.0 3187.1 3139.0 

3179.5 3130.8 3032.9 

3121.8 3073.3 3025.6 



5-^7 



3710.8 

3696.4 

3631.8 

3667.0 
365X.9 

3636.5 

3620.9 

3605.1 

3539.0 

3572.6 

3556.1 

3539.3 

3522.2 

3505.0 

3437.4 

3469.7 

3451.7 

3433.5 

3415.0 

3396.3 

3377.4 

3358.3 

3333.9 

3319.4 

3299.5 

3249.0 

3197.1 
.3143.9 

3039.3 

3033.4 
2976.3 



21 



TilBIS IV 

WAVE HUIIBERS (cnTl) CQRRESPOIffimG TO EICRGY TRAHSITIOKS 
FOR THE VIBRATIOIWlOrATION BAl® OF THE* FIRST OVERTOIIE OF CO 
n n + 2, Aj =» +1 



j -1 


- S 


0 2 


1 -*» 3 


2-^4 


3 5 


4-^6 


5^7 


0 ^ 


1 


4261.8 


4208.6 


a55.5 


4102.3 


4049.3 


3996.1 


1 


2 


4265.6 


4212.4 


a59.1 


4106,0 


4052,8 


3996.6 


2 


3 














3 


4 


4272.8 


4219.6 


4166.2 


4U3.0 


4099.8 


4006,5 


4-*- 


5 














5 -*• 


6 


4279.7 


4226.4 


a73.0 


4119.7 


4066,4 


4013.0 


6 — 


7 














7 


S 


4286.4 


4233.0 


a79.6 


4126.2 


4072,8 


4021.3 


s 


9 














9 -*• 


10 


4292.8 


4239.2 


4185.8 


4132.3 


4078.9 


4025.4 


10 ^ 


ii 














11 -»* 


22 


4298.8 


4245.3 


a91.7 


a38.2 


4084,7 


4031.1 


12 


13 














13 -4- 


U 


4301.1 


4251.0 


a97.3 


4143.7 


4090.2 


4036.6 


U-^ 


15 














15 


16 


4304.6 


4256.4 


4202.7 


4349.0 


4095.4 


40a.7 


16 


17 














17 


18 


4315.3 


4261.6 


4207.8 


a54.0 


4100.3 


4046.5 


IS 


19 














19 *4. 


20 


4320.2 


4266,4 


4212.5 


4158.7 


4105.0 


4051.1 


21 -4. 


22 


4324.7 


4271.0 


4217.0 


a63.2 


4109.3 


4055.4 


23 


24 


4329.1 


4275.2 


4221.2 


a67,2 


4113.4 


4059.4 


25 


26 


4333.0 


4279.2 


4225.1 


4171.1 


4117.1 


4063.0 


27 


28 


4336.8 


4232.8 


4223.7 


4174.6 


4120.6 


4066.4 


29 — 


30 


4340.2 


4286,2 


4232.0 


a77.8 


4123,7 


4069.5 


31 -*• 


32 


4342.9 


4289.3 


4234.9 


4180.7 


4126.6 


4072.2 


33 


34 


4346.1 


4292.0 


4237.7 


a83.4 


4129.1 


4074.9 


35 -4. 


36 


4348.5 


4294.5 


4240.0 


4185.7 


4131.4 


4076.9 


37 *4. 


38 


4350.8 


4296.6 


4242.1 


4187.7 


4133.3 


4073,8 


39 *4. 


40 


4352.6 


4298,6 


4243.9 


4189.4 


4135.0 


4080.3 


a *4. 


42 


4354.2 


4300.1 


4245.4 


a90.S 


4136.2 


4081,6 


43 -4- 


44 


4354.5 


4301.3 


4246.5 


a91.9 


4137,3 


4082.5 


45 -4. 


46 


4356.4 


4302,2 


4247 .4 


a92.7 


4138.0 


4083.2 


47 — 


48 


4357.1 


4302,9 


4247.9 


a93.i 


4138.5 


4083.5 


49 -4. 


50 


4357.4 


4303.2 


4248.1 


a93.3 


4138.6 


4083.5 
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TABIE 17 (CQ!?ri!rJEa)) 





0 2 


51-^ 


52 


4357.4 


53 -*• 


54 


4357.1 


55 


56 


4356.4 


57 


58 


4355.5 


59 


60 


4354.3 


61 — 


62 


4352.7 


63 ^ 


64 


4350.S 


65 


TO 


4348.5 


67 


63 


4346.0 


69 


70 


4343.2 


71 


72 


4339.9 


73 


74 


4336.4 


75 


76 


4332.6 


77 


78 


4328.4 


79 -»• 


80 


4323.9 


81 


82 


4319.0 


83 


84 


4313.9 


85 


86 


4303.2 


87 


S3 


4302.5 


89 


90 


4296.3 


91 


92 


4289.8 




94 


4282.9 


95 


96 


4275.9 


97 


98 


4268.2 


99 -i- 


KO 


4260.3 


104 


1D5 


4239.1 


109 


aio 


4215.7 


114 


315 


41'^.2 


119 


120 


4lo*~* *4 


124 -V 


125 


■ 4132.4 


129 


130 


4100.1 



1 3 2-4-4 



4303*2 424S.1 

4302.9 4247.7 

4302.2 4247.0 

4301.3 4246.0 

4300.1 4244.6 

4298.5 4242.9 

4296.6 42a.O 

4294.4 4233.7 

4291.3 4236.0 

4209.0 4233.1 

4285.5 4229.9 

4202.3 4226.3 

4278.3 4222.4 

4274.3 4218,1 

42G9.S 4213.5 

4265.0 4203.6 

4259.8 4203.4 

4254.4 a97.S 

4243.6 4191.9 

4242.4 4185.7 

4236.0 a79.1 

4229.1 a?2,2 

4222.0 4165.0 

4224.5 4157.4 

4206.6 4U9.4 

4185.6 4128.2 

4162.4 4104.7 

4136.9 4079.0 

4109.4 4D51.2 

4079.5 4021,2 

4047.4 3938.9 



3 5 4-^6 



a93.1 4138.4 

U92.7 4137.8 

4191.9 4137.0 

aoo.s 4135.9 
a89.4 a34.4 

4187.7 4132.6 

4185.6 4130.5 

4183.2 4128.1 

4180.6 4125.3 

a?7.6 4122.3 

4174.2 4118.4 

a 7 o .6 4115.1 

4166.6 4111.1 

4162.3 4306.7 

4157.6 4302.0 

a52,6 4097.0 

4347.4 4091.7 

4ia.7 4085,9 

4135.7 4030.0 

4129.4 4073.6 

4122.5 4066,9 

4115.8 4059.8 

4308.5 4052.5 
aoo.8 W..8 

4092.6 4036.8 

4071.3 4015.2 

4047.7 3991.4 

4021.9 3965.4 

3993.9 3937.3 

3963.6 3906,9 

3931.2 3874.4 



5 7 



4033.2 
4082.6 

4081.7 
4000.5 

4079.0 

4077.1 

4074.9 

4072.4 

4069.5 

4066.4 

4062.9 

4059.1 

4055.0 

4050.6 

4045.8 

4040.6 

4035.2 

4029.4 

4023.3 

4016.9 

4010.1 
4003.0 

3995.5 

3937.7 

' 3979.6 

3957.7 

3933.8 

3907.6 

3879.2 

3343.6 

3810.8 
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TA3IS V 



WAVE NUMBERS (om”^) CORRESPOIDIHG TO ENERGY TRAIBITIOIB 
FCR THE VIBRATION-ROTATION BAND OF THE SECO® OVERTOIIE OF CO 

n-^n + 3, Aj =-l 



l-i 


- 1 


0 — 3 


1 — 4 


2 — 5 


3 6 


1 


0 


6343.4 


6263.7 


6184.0 


62D4.4 


2 


1 


6339.5 


6259.8 


6180.1 


6100.6 


4 


3 


6331.2 


6251.7 


6172.0 


6092.6 


6 


5 


6322.5 


6243.1 


6163.6 


6004.1 


0 -1- 


7 


6313.4 


6234.0 


6154.6 


6075.3 


ID 


9 


6303.9 


6224.6 


6145.2 


6065.9 


X2 “♦» 


11 


6293.9 


6224,8 


6135.4 


6056.2 


u-^ 


13 


6233.6 


6204.5 


6125.2 


6046.1 


X6 •►» 


15 


6272.9 


6193.8 


6114.6 


6035.6 


13 


17 


6261.6 


6182.7 


6103.6 


6024.6 


20 -V- 


19 


6250.0 


6171.2 


6092.2 


6013.2 


22 -w 


21 


6233.0 


6159.2 


6080,2 


6001.5 


24 


23 


6225.6 


6246.9 


6068,0 


5989.3 


26 


25 


6212,8 


6134.2 


6055.4 


5976.7 


23 


27 


6199.5 


6121,0 


6042.3 


5963.6 


30 ^ 


29 


6135.9 


6207.5 r 


6023,8 


5950.2 


32 -w 


31 


6171.8 


6093.5 


6024.9 


5936.4 


34 


33 


6157.3 


6079.1 


6000,6 


5922.2 


36 


35 


6142.5 


6064.4 


5985.9 


5907.6 


3 3 


37’ 


6127.2 


6049.2 


5970.8 


5892.6 


40 


39 


61U.5 


6033.6 


5955.3 


5877.1 


42 


a 


6095.4 


6017.7 


5939.4 


5861.3 


44 


43 


6073.9 


6001.3 


5923.1 


5845.1 


46-. 


45 


6062.1 


5984.5 


5901.6 


5823.4 


43 


47 


6044.7 


5967.4 


5333.8 


58U.4 


50 — 


49 


6027.1 


5949.8 


5871.8 


5794.0 


52 — 


51 


6009.0 


5931.9 


5854.0 


5776.2 


54 


53 


5990.5 


5913.5 


5835.7 


5758.0 


56 — 


55 


5971.7 


5394.8 


5817.0 


5739.4 


53 — 


57 


5952.5 


5875.6 


5798.0 


5720.4 


60 — • 


59 


5932.3 


5856.2 


5773.5 


5701.0 


62 — • 


61 


5912.7 


5836.2 


5753.6 


5631.3 


64 — 


63 


5392.4 


5816.0 


5733.6 


5661.1 


66 — • 


65 


5371.5 


5795.3 


5717.9 


5640.6 


63 


67 


5350.3 


5774.2 


5696.9 


5619.7 


70 


69 


5323,8 


5752.8 


5675.5 


5598,4 




Ji 

i 



I Ji 

fe ..,.i#ra i „ - 

1 S/w'ii 




® ^ 
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TABLE V (CQ[?riIIUSD) 



J J 


- 1 


0^3 


1-^4 


2 5 


3 6 


72 


->• 


71 


5306,3 


5730.9 


5653.8 


5576.7 


74 




73 


5704.5 


5708,7 


5631.6 


5554.6 


76 




75 


5761.7 


5686,2 


5609.2 


5532.2 


73 




77 


5733.6 


5663.2 


5586.3 


5509.4 


90 




79 


5715.1 


5639.9 


5563.0 


5486.2 


22 




31 


5691.3 


5616,2 


5539.4 


5462.6 


34 




83 


5667.0 


5592.1 


5515.3 


5438.7 


96 




35 


5642.4 


5567.6 


5491.0 


5404.3 


83 




07 


5617.4 


5542.8 


5466.2 


5309.7 


90 




09 


5592.0 


5517.6 


5441.0 


5364.6 


92 




91 


5566.3 


5492.0 


5a5.5 


5339.2 


94 




93 


5540.2 


5466.1 


5339.7 


5313.4 


96 




95 


5513.3 


5439.8 


5363.4 


5207.2 


93 




97 


5486.9 


5413.1 


5336.8 


5260.7 


100 




99 


5459.7 


5336.1 


5309.9 


5233.8 


205 




1D4 


5390.1 


5316.9 


5240.8 


5165.0 


no 




209 


5313.2 


5243.5 


51<^.6 


5093.9 


n5 




114 


5244.1 


5171.8 


5096.2 


5020.6 


120 




n9 


5167.7 


5095.9 


5020.4 


4945.0 


125 




124 


5039.1 


5017,8 


4942.5 


4^.2 


130 




129 


5008.4 


4937.5 


4862.4 


4737.3 
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nmm n 



V/AVE NUMBEPS (ccT^) CORRESPQIffilNG TO ENERGY TRAISSITIOIB 
FOR THE VIBRATIOIT-ROTATION BAI® OP THE SECOND OVERTONE OP CO 

n ^ n + 3, = +1 





0^3 


1 •>> 4 


2 5 


3-^6 


0 


1 


6351.0 


6271.3 


6191.6 


6111,8 


X 


2 


6354.7 


6274.9 


6195.1 


6315.4 


3 


4 


6361.7 


6281.9 


6202.0 


6122.2 


5 ->• 


6 


6363.2 


6283.3 


6205,4 


6X28.5 


7 


8 


6374.2 


6294.4 


6214.4 


6234.4 


9 


10 


6330.0 


6300.0 


6219.9 


6140.4 


11 


12 


6335.3 


6305.2 


6225.0 


6145.1 


13 


14 


6390.2 


6309.9 


6229.7 


6149.8 


15 


16 


6394.5 


6314.3 


6234.0 


6154.0 


17 -t- 


IS 


6393.4 


6318.2 


6237.8 


6157.9 


19 -*• 


20 


6401.9 


6321.6 


62a.2 


6161,3 


21 ^ 


22 


6405.0 


6324.7 


6244.2 


6164.3 


23 


24 


6407.7 


6327.3 


6246.7 


6166.9 


25 


26 


6409.9 


6329.4 


6248,8 


6169.1 


27 


2S 


6411,7 


6331.2 


6250.4 


6170.9 


29 


30 


6412.9 


6332.4 


6251.6 


6172.3 


32 ^ 


32 


6413.8 


6333.3 


6252.4 


6173.3 


33 


34 


6414.3 


6333.7 


6252,8 


6173.9 


35 -4- 


36 


6434.3 

6a3.8 


6333.6 


6252.6 


6174.0 


37 


33 


6333.1 


6252.0 


6173.8 


39 


40 


6412.9 


6332.2 


6251.0 


6273.2 


41 


42 


601.6 


6330.8 


6249.6 


6172.2 


O 


44 


6409.7 


6329.0 


6247.7 


6170,8 


45 


46 


6407.5 


6326.7 


6245.4 


6168.9 


47 


/ ry 


6404.8 


6324.0 


6242.5 


6166.7 


49 


50 


6401.6 


6320.8 


6239.2 


6164.1 


51 


52 


6398.0 


6317.1 


6235.6 


6161.1 


53 


54 


6393.9 


6313.0 


6231.4 


6157.7 


55 


56 


6339.4 


6308.5 


6226.8 


6153.9 


57 


53 


6334.4 


6303.5 


6221.8 


6149.7 


59 


60 


6378.9 


6298,0 


6216.2 


6145.2 


61 


62 


6373.0 


6292.1 


6210.2 


6140.2 


63 -♦» 


64 


6366.6 


6235.7 


6203.7 


6134.8 


65 


66 


6359.9 


6278,9 


6196.9 


6129.1 


67 


63 


6352,6 


6271.6 


6189.4 


6123,0 


69 


70 


6344.7 


6263.S 


6181.6 


6116,5 
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TABiz VI (camirjn)) 



j - 1-.- J 


0-^3 


l-*-4 


2 5 


71 72 


6336.5 


6255.6 


6173.3 


73 74 


6327.8 


6246.9 


6164.6 


75 -*• 76 


63I8.7 


6237.7 


6155.3 


77 78 


6309.0 


6228.1 


6145.6 


79 -»• 80 


6298.9 


6218,0 


6135.4 


ai-¥. 82 


6233.3 


6207.4 


6124.8 


03-** 84 


6277.2 


6196.3 


6113.6 


85 86 


6265.7 


6l8/i.,8 


62X12.0 


87 8S 


6253.7 


6172.8 


6090.0 


89 90 


6241.2 


6160,3 


6077.4 


91-*- 92 


6228.3 


6247.4 


6064,4 


93 94 


6224.8 


6134.0 


6051.0 


95 96 


6200.9 


6120.1 


6037.0 


97 98 


6186.5 


6105.7 


6022.4 


99 100 


6171.6 


6090.8 


6007.6 


204 105 


6132.4 


6051.5 


5968.1 


209 -*• no 


6039.8 


6009.2 


5925.6 


114 115 


6044.3 


5963.8 


5830.1 


U9 120 


5995.7 


5915.4 


5831.4 


124 125 


5944.1 


5863.8 


5779.7 


129 130 


5839.3 


5809.2 


5724.9 



3 6 



6109.7 

6102.4 

6094.6 

6036.8 

6078.4 

6069.6 

6060.4 

6051.0 

600.1 

6030.8 
6020.2 
6009.2 

5997.8 

5986.1 

5974.0 

5943.2 

5908.1 

5871.8 

5833.3 

5792.5 

5749.6 



:?7 

enor^y tixujiitions t ^ j j 1 f 

(the fimdanontal and first and occood ovxirtonoa) for carbon noaordde are 
licted in Tables I - VI, Inc* 



C. >?in9riQal CpJ.ciOr.UQn _of. Inter^ratod Absor^^tloa of Rotational LlnaB 



The foUewins outlln© for tho calculation of intogratod absorption 
for gonorol vlhrating-rotatinc diatooio nolooulos io valid for ealttoz« 
\liidi aro in tlisraodyncnic ogullibrlua. 

The intograted abcorptions for transitions fToci tlio gro’and 
vibrational lovol for the rotational lines of a diatonic xaolecula, in 
tl» recion of tluo fundanontal vibration-rotatlcn cpoctnrx is given by 
0ppajheinor*3 equation^^). 



<-*>-►/ _ A/r7T£ ‘ KiZj. j j ex^ 



[■ ^°VkrJ_ 



z I. rl 



F. G, 



end 



«■*•/ A/r jrs * A* 



f- ^‘’''VkT ] 



O _ /y/ Ff .u r ^ ^ 

H J ^ 



f t 



KG. 



( 16 ) 



( 17 ) 



The various synbols iiavo the following noaning: 

« mnbor of cnitting noloculos r^or unit voluao per unit of 
total prooauro 

~ reduced aaso of carbon aonoodde 
£ ■ offootive chorgo (esu) wiiidi mist bo dotomined oaporlcally 
c •* volooity of light 

^ n,^ • enorgy of tius vibrational and rotational lovol, on 



oxpllcit osprossion for vlilch was given 'tiroviously 



2G 






y' 



n n* 

i -^5* 



u 



k « 
h = 
I = 



P « 
F' » 

G ” 
G* » 

Y- 



wavo nxnbor (ccT^) corroopondinc to tlio (forbidden) trans- 
ition j “ 0 j » 0 and n ® 0 n = 1 
wave nmbor for tho rotational tranaition j j * cad tho 

vibrational transition n n* 
taaixjraturo in ^ 

the Soltsnann coiistant ° 1«3S04 Sj s 10"^^ org/^K 

-27 

Planck *3 coi-sstcnt " 6«6242 :: ID org-eoc 
Esccsent of inertia of tho enitting nwleoule 
h /cXP/T^k oisi <r? = 2,743 dogroos for carbon nonoidde 

1 *4rj ( 1 * 

1 

/ he / 1 

1 - esp ~ T ) 

h/Ur^l = 2.0116 s 10? 



As la disciujood in acre dotail in Section D, the tom 

^ H (23 ■*■ 1) GXp - (Sn,3A2) ro iroDcnts the coqploto partition 

« J 

function and can bo evaluatod by standard statistical nothods. If tliis 
tara is ropresontod by tlion Sq, (I6) and (17) can bo \iritton as; 




and 



29 



5''"" =f- 



A/tTTS 



J I y/z. c Qvj0*i 





( 19 ) 



rospoctivoly, 

Tho torn in tho first teacicct of Eos, (IG) ci3d (19) is toipoaxituro- 
dopcnflent bocausa both tin cind very \;itli tonporaturo. The effective 
oliorco £ is prosumbly a conotant. It liaa been detcr-iinod (rpirically 
end has the value 3.14 2 : ICT^® oloctroctatic units. Aesunin^ the 
validity of tho ideal gas law, it is fomd for carton nono:ddo at 300°K 
tliat 



car 



MrTTC 
C *• 



ateioD**^ (sT^ 



* 7.40144 X 10 ^ (cnH 300 -ctuos)*“^ 

c 

Usinc the listed aucorical value for il^WT£^/^Of it is a sinplo 
natter to dotomlno tlio value of (S = ty calculatinc 

according to tho nothod doocribod in Section III.D. In particular, 
at 300°K, it \rUl bo aho\m (Cf. Section III.D) timt 

«v3n ■ 

v&enoo it foHouo tliat 



A/r 7 re^ 

3 ^ 



yj3,U ataoo“^ 



Rofcjrri:i 2 to Eos* (13) and (19), it is a-iriai'ont tiiat tlio toms in 
tho second hracsicoto ciro eJno dependent on tl:o toaporaturo but do not 
depend upon tlio offoctlvo cliai’co aiid tlioroforo can bo calcrulatod 



accurately uithout roquirir^ knowlodgo of intofii’ctod eboorptf-cei. Those 



dineos ionless torao aro roprcsontod ty A 



0 



and A 



J j - 1 j - 1 -r j » 

rospootlvoly, vdiore tbo suporscripto and subscripts denote again tho 

vibrational and rotational transitions, rcsp^octively, Tliey havo been 
evaluated at 300, 500, and IDOO^K, the results being ourmarizod in 
Tables VII throu(^ IX. 

By the ocdbined use of the valuo of ^uith tlie data listed in 
Table* VII throu£/i IX it is possiKLo to evaluate the Intogratod absorption 
for t!ie rotational trarisitioos froa the relations: 



0 -♦I 

5 -^3 - 1 






1 

3 - 1 



( 20 ) 



3 -1-^3 



. 0 — ^ 1 

3 - 1 - 



3 



( 21 ) 



Iteierical values for S ^ , and S ® also listed 

3-^3-l 3-l*^3 

in Tables VII to IX. 

A rovloi(»i of intograted absorption values roquirod as tiio result 
of a claango in effective djarco ray be acconplishod by a recalculation 
of Table* VII to PI. Rolativo values of intocrated absorption for 
different rotational transitions are indoixsndont of effective ebargo and 
nay bo dotominod directly froa tlie dp.ta available in Tables VII tluro-ucJi 
IX. 

TIm Intecratod absorption for tho rotational linos occ^josinc tlio 

first ovort<»x3 will bo idontlfiod by tho s3rabols S ® and 

- „ 3 3 - 1 

^ j - 1 j > depending upon tho particular rotational transitions 

i/hicli aro involved. Tho Quantities 5 9 ^ 9 

3-»3-l 
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TABI£ VII 



TABULITHD lllZX-PJ'.TED /iDGOrPTIdS POl Gi'J'Hai IDIiaODS 

AT 300° K 



Tvcaioition 


10^A°j-..j. 


-1 3 


Trcunaition 

j-l^d 


103A®j-l^J 


0 

CO 


l-> 0 


5.5279 


2.0642 


0—1 


5.5716 


2.0805 


2 -» 1 


10.712 


3.9999 


1—2 


10.879 


4.0623 


3 -♦ 2 


15.279 


5.7053 


2—3 


15.641 


5.8405 


4 -*-3 


19.016 


7.1007 


3-^4 


19.619 


7.3259 


5-^4 


21.7C5 


S.1347 


4—5 


22.647 


8.4565 


6—5 


23.514 


8.7C03 


5 — 6 


24.639 


9.2004 


7—6 


24.236 


9.0499 


6 — 7 


25.579 


9.5514 


S -i-7 


23.996 


8.9603 


7—8 


25.535 


9.5349 


9 -►C 


22.969 


8.5763 


8—9 


24.634 


9.1985 


10 — 9 


21.317 


7.9599 


9 —ID 


23.038 


8.6026 


U— ID 


19.227 


7.1795 


10 -U 


20.940 


7.8191 


12-^11 


16.CC4 


6.3096 


11 — 12 


18.529 


6.9109 


23—12 


14.453 


5.3969 


12-»-13 


15.935 


5.9689 


24 — 13 


12.074 


4.5085 


13-»-14 


13.456 


5.0246 


15 — 24 


9.C505 


3.6782 


14-^‘15 


11.063 


4.1310 


16 — 15 


7.C56S 


2.9333 


15—16 


5.8836 


3.3190 


17 — 16 


6.1269 


2.2378 


16-17 


6.9855 


2.60G4 


1C -^17 


4.6734 


1.7451 


17-5^18 


5.3698 


2.0051 


19— IS 


3.4S99 


1.3031 


18 — 19 


4.0391 


1.5082 


20—19 


2.5509 


.95252 


19->20 


2.9752 


i.mo 


22—21 


1.2CCS 


.47826 


21 — 22 


1.6220 


0.60567 


24—23 


0.5924 


.22121 


23-«-24 


0.7725 


0.28845 


26 — 25 


0.2529 


.094435 


25-^26 


0.3399 


0.12692 


2C — 27 


0.0993 


.037266 


27—28 


0.1383 


.051642 


30-y29 


0.0364 


.013592 


29—30 


0.0521 


.019455 


35-»-34 


0.0021 


.0078415 


34—35 


0.0014 


,0052276 


40-39 


0.0001 


.00373407 


39 —40 


0.0000 


0.00000 




. 

i 

\ 
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Truiicition 



0—^1 

1-^2 

2-^3 

3^4 

4—5 

5 — 6 

6 — 7 

7 — 8 
8^9 
9—10 

U -12 

13-24 
15-16 
17 — 18 

19 — 20 
21-^ 22 
23-24 

25 — 26 
27 — 28 

29-30 
31—32 
33-34 
35 —36 
37—38 
39—40 

a— 42 
43-44 
45-46 
47-48 
49-50 
51-52 
53-54 
55-56 



TABI£ VIII 



TABUIATGD IIiTXru>.TJjID ATSCIli’riOIS POH CAKIlOII lIOZrCCGDI 



AT 500° K 



Tramitioa 



10^A°j^j-l S 

j-l+j 



J->j-l 102A°j-l>j S 



4.4239 

3,702 

22.69s 

16.286 

19.356 

21.863 

23.753 

24.949 

25.532 

25.525 

24.049 

21.076 

17.316 

13.401 

9.8041 

6.7962 

4.4719 

2.7993 

1.6649 

9.4388 X lOrJ 

5.1001 X icrj 
2.6237 X ICr^ 
1,292s X ICrJ- 
6.0739 X 10-2 
2.7258 X 10-2 

1.1678 X KT2 

4.7830 X icrl 

1,8720 X icrf 

7.0231 X 1CT7 
2.5196 X 1CP< 
8.50n X 1(3^ 
2,7874 X icr^ 
6.8517 X ICT^ 



0.76902 


1— 0 


4.4215 


0.76861 


1.51270 


2 — 1 


8,6955 


1.51157 


2.20734 


3-^2 


12.681 


2.20439 


2.83IO0 


4^3 


16,250 


2,82480 


3.36473 


5 -—4 


19.325 


3.35934 


3.80053 


6 — 5 


21.829 


3.79462 


4.12908 


7—6 


23.671 


4.11482 


4.33698 


3 —7 


24.361 


4.32169 


4.43833 


9 — 8 


25.437 


4.42181 


4.43711 


10—9 


25.425 


4.a973 


4.18053 


12—11 


23.869 


4.14924 


3,66372 


14 — 13 


20.843 


3,62322 


3.01011 


16 — 15 


17.054 


2.^^57 


2.32955 


18—17 


13.139 


2.28400 


1.70429 


20—19 


9.5657 


1.66284 


1.18141 


22 — 21 


6.5965 


1,14670 


0.77737 


24—23 


4.3162 


0.75030 


0,48661 


26 — 25 


2.6840 


0.46657 


0.23942 


28 — 27 


1.5877 


0.27600 


0,16^ 


30 — 29 


.89436 


0.15547 


0,088658 


32 — 31 


.48009 


0.083456 


0.045696 


34 — 33 


.24575 


0.042720 


0.022473 


36 — 35 


,12002 , 


0.020364 


0.010559 


38—37 


.56013"} 


.009737 


0,0047384 


40 — 39 


.24910ri 


.004330 


0,0020300 


- 41 


.10598-} 


,001842 


0.0008319.5 


44—43 


.4308CT2 


.000749 


.00032542 


46 — 45 


.16746-2 


.0002911 


.00012205 


48-47 


.62247“} 


,0001032 


.000043799 


50-49 


.221^4-3 


,00003349 


,000014778 


52 — 51 


.75306-4 


.00001309 


,0000048455 


54—53 


.245467 


.000004267 


,0000011911 


56 — 55 


.7242-5 


.000001343 



I 



I 

I 

I 

I 

I 

I 



I 
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TABLE IX 



T/iBUIATCD II1T2GRATED ABSCKTIOIC FOl CAISOIi IiarCKIDE 



Transition « 



1 - 0 20.134 

2 — 1 40.023 

4 - 3 77.763 

6 — 5 no.fto 

e — 7 137.25 

— 9 155.S6 

—11 166.17 

-► 13 168.43 

— 15 163.55 

— 17 152.90 

- 19 138.06 

—21 120.74 

-23 102.39 

-25 84.367 

-27 67.591 

-29 52.699 

— 31 40.024 

— 33 29.621 

-35 21.370 

— 37 15.044 

-39 10.332 

— 41 6.9282 

—43 4.5350 

— 45 2.8999 

-47 1.8112 

-49 1.1058 

— 51 0.6598 

— 53 0.3848 

— 55 0.2213 

— 57 0.1225 

— 59 0.0668 

- 61 0.0357 

— 63 0.0186 

- 65 0.0095 

- 67 0.0048 

70 - 69 0.0023 

72 - 71 0.0011 

74 -73 0.0005 



AT 1000° K 



H S 


Transition 




J-1>J 


1.80576 


0-1 


3.58955 


1 — 2 


6.97435 


3-4 


9.93735 


5—6 


12.30958 


7 — 8 


13.97866 


9—10 


U.90333 


11—22 


15.10603 


13—14 


14.66835 


15— 16 


13.71319 


17 — 18 


12.38223 


19—20 


10.82384 


21—22 


9.18308 


23—24 


7.56665 


25-26 


6.06205 


27—28 


4.72643 


29—30 


3.5^64 


31 — 32 


2,65662 


33 — 34 


1.91662 


35-36 


1.34926 


37 — 38 


0.92656 


39-40 


0.62137 


a-42 


0.40C732 


43-44 


0.26008 


45-46 


0.16244 


47-48 


0.099176 


49-50 


0.059176 


51-52 


0.034511 


53- 54 


0.019843 


55-56 


0,010986 


57—58 


0.005991 


59-60 


0.003203 


61-62 


0.001668 


63—64 


0,000852 


65 — 66 


0,000430 


67-68 


0.000206 


C9-70 


0,000098 


71-^72 


0,000044 


73 -♦ 74 



10^A°3-l.j 


10 s 


20.039 


1.79724 


39.654 


3.55646 


76.330 


6.84583 


107.76 


9.66470 


132.24 


n.86025 


148.78 


13.34363 


157.12 


14.09167 


157.77 


14.14997 


151.76 


13.61094 


240.53 


12.60376 


125.23 


11.23154 


108.83 


9.76067 


91.406 


8.19796 


74.564 


6.68744 


59.140 


5.30411 


45.649 


4.09414 


34.310 


3.07717 


22.865 


2,05070 


17.9a 


I.6090S 


12.494 


1.12055 


8.4898 


0.76143 


5.6292 


0.50487 


3.6443 


0,32685 


2.3033 


0.2065s 


1.4222 


0.12755 


0,8581 


0.07696 


0.5058 


0.04536 


0.2915 


0.02614 


0.1712 


0.01535 


0.0771 


0,006915 


0.0485 


0,004350 


0.0270 


0.002422 


0.0139 


0.001247 


0.0071 


0.000636 


0.0035 


0.000313 


0.0017 


0.000152 


0.0008 


0.000071 


0,0004 


0,0000358 
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TABIC X 



T/JTJI/iTSD irJTDGnATKD ABSOTa^iaS FOR CAEBOII i:Oi:OXinE AT 30CP 



Transition 


jq2 3 0 — 2 


3 j - 1 


j -♦ J 


1 -► 0 


1.42343 


2-^1 


2.76793 


3 -» 2 


3.94807 


4-^3 


4.91368 


5-^4 


5.62921 


6 -* 5 


6.07597 


7-^6 


6.26253 


8 7 


6.20053 


9 8 


5.93510 


ID -♦ 9 


5.50825 


11 -► ID 


4.96821 


12 11 


4.36624 


13 -♦ 12 


3.73465 


34-^13 


3.11988 


15 -•►U 


2.54531 


16 15 


2.03019 


17 -► 16 


1.53316 


IS -♦ 17 


1.20761 


19 -► IS 


0.901705 


20 -#> 19 


0,659144 


22—21 


0.330956 


24 -♦ 23 


0.153077 


26 —25 


.065349 


28 — 27 


.025788 


30—29 


.009405 


35-^34 


.005426 


40 -♦39 


,002840 



Trcnoition 


1q 2 s 0 — 2 


5 - 1 


j - 1 — 


0—1 


1.43971 


1 2 


2,31111 


2—3 


4.0a63 


3 — 4 


5.06952 


4-^ 5 


5.85190 


5—6 


6.366^ 


6—7 


6.60957 


7—8 


6.59815 


8—9 


6.36536 


9 — K) 


5,95300 


10 — 11 


5.42D82 


11 — 12 


4.73788 


12—13 


4.1304s 


13 — U 


3.47702 


14 -► 15 


2,85865 


15 —16 


2.29675 


16—17 


1.80501 


17 — 18 


1.38753 


18 — 19 


1.04367 


19—20 


0.768812 


21—22 


0.419224 


23—24 


0.199607 


25 — 26 


.007828 


27—23 


.035736 


29 — 30 


.013463 


34 — 35 


.0036175 


39 —40 


.00000 



aro obbalnod froa S 9 - ard S 9 , . roo >octivoXy, It/ 

a -►0-1 -v»~v 

nultiplyinc by tlio in:itio of ir.togratod aboorption of tlio first ovoirbono 

to tho intccratod absorption for tlic fundassontal* Tlio oo^orlncn tally 

obsorvod ratio is 

l. V>/237 r 6.92 x 10~^ (22) 

Ooinc this n-tio, tho irooulta ciExiarisod in Table X aro obtaincxl for 
S9"^9 ,ands9 , at 300®K. 



D. Itethods for tho Dotoanimtlon of tho CcEiploto Partition Pimotion 



Tho conploto partition function 



^jn 




(2j + 1) csp - (En, j/k?) 



nay bo o^)aluatod by standard statistical nothocls.^^^ 

If tho nolocule is appro:dnatod as an idoal diatonic cc«5> i.o«» 
a dlct<xoic \iho30 onorcy is ocual to tlio sun of tho ecicrcico of a 
ono-dinensional hamonic oscillator and of c rigid rotator, tlicn it can 
bo shewn 



'vjrn 



<r(i^e 



1 



/S' 



)e 






(23) 



wliero 

T = absolute tenperattax) (®l0 
h •* Planck's constant * (6,6242 zz 10“^ org-sec) 
k ” tho Doltsnann constant = 1,3^043 x 10“^ erg/®S 
H ■ tho viliratlonal froqucncy of tlio nolooulo tmder oonsidoration 
<r T “ 




! 
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Tho spoctroccopic date, for carbon nonocd.do colloctod )tj Sponor^^^ 
load to t!w TOCults 

< 7 ^T = 2,743 docrees 
iff * 3066,9 dogrooa, 

Ueing those data, i'DprGaontativo nuaorloal valusa of for 
carbon nonoxido treated as an ideal diatocio cas oro sinaarisod bcloi;: 

TilDIfi XI 

?CR CO (iiSCIT^dD MI IDHAL DL«ffaHC GA.3) M3 A TIT'CTIOIT a' T 




If allxjwanco is mdo tear vibration-rotation intccTactionc wlthJLn 
th® jaoloculoa , ond uainc an oxproocion for tlw Intorrval onercy of tho 
fora ci'VQn in (23) , it is foisid tliat tho partition ftmetion for tli© 
General diatonic i* 



a 






whore 



<r0 

eyp [/-zxe j) 



la dorivod fren 



T = absolute toxx^oraturo (®K) 

0 = velocity o£ licht ~ 2,9977 x 10^ crv/soc 
T = BohcA 2,743 doj]?ooa 
vG = hcA^ (1 - t.^)A' = 3066,9 
Y » 0,00094 
c5* = 0,0091 
£?o “ 1.916 <rT^ 

IT’xiorical values of Q^j^i ® 2 lculatcd -xnini' Sc, (24) uro ournai-isod 

below: 



7A3I4] m 

0 ^^ FCR CO (GSiiSRAL BIATaHC GAS, VIBHATIOII ROTATIO!! I!?TSRACTI0II) AS A 

FJircTiai (F 7 





!kia 


300 


0.630956 


500 


8.292231 


1000 


81.650755 
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IV. 33ssr;iTY calcul\?io:b por DiArasc g/^ts \rrm ija'^cvsiy^Tiic 
ROTATIO-IAL LUES 



7ho basic equation far naldnc cnicolvity calculations has l>oon 
niven provlous2y in Dq, (ll), viz,. 



8' C J f' ^ y/(r 

vy* oo 



( 11 ) 



If is calcuiatod fren Eq, (3) end P^is dotorainod flron tlio diOTX)r3ioei 
fommla prooouted in Eq, (7) t then Eq, (11) can be usod for calculating 
the anicoivity at all values of tlie total prooouro and tli« optical den- 
sity, A calculation of this oort is extronoly laborious and roquiroo 
nuoorlcal IntogratiOTis, For this roaeon tlio present discussion will bo 
restricted to doveloping approprlato rolationo for calculatinc tho 
oaiselvity for non-ovorlanpinG rotational linos, Tlio rosults of tlios© 
calculations will sinplanont previously published data which arc roliablo 

(57) 

only under oanditior^ of ortonoivo ovorlappiii:^’ of rotational linos, • ' 
At low pressures the rotational linos aro bo narrou tlmt tho con- 
tribution to P at aiy wave miabcr will ori^’inato with but a oincl© 
rotational line. This neane, for ejaaraplo, that in tho vicii^ty of tlio 
rotational lino wliooo center is at ® ^ , tlio only torn iMdi 

nakos an approciablo contribution in t!io evaluation of in tint rocion 



is 









Tlieroforo, it is posoiblo to orldivido tho liitorvcl of intocration of 
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Bq, (7) in such a nannor tiuit csach oubintorval ia conterod about or.o of 

tho wave nmborg K ® i 4 , . Wit’iln the licito of orror of tlJ3 

J “♦'J •• i 

oosunptlon of non-ovorlapping linos, tho foUowinc dooo appi'oxlmtion 
is obtalnod; 




Iloro J®( j -) and J°( ,) roprooont, to a very close 

approximtioa, tho spectral intonsitioo of a blcckbody ixidiator ovaluatod 
at tlio lino centers corrospondinf '3 to tlio indicated tror^itiono. 

Shallerly, P j j ^ ^ j « 1 ^ j clruMctoriotic values 

of tlio spectral aboorptlcoi coofficieat wiiich ^rauld bo valid if only tlio 
indicated transitions oocurrod, Jlio actual o^diont of tlic oubintervals 
Ejoy bo chosen arbitrarily. For convenienco, tlioy nay bo ohooon to 
extend from a wave nunbor niduay botwoon tv?o line oontoro to tlio wr.vo 
nmbor nldiray botvjocn tho noxt sucooooivo lino oontoro. The subintor- 
vals need not bo of equal \ridth, Tho orror introduced by roplaoinc 






by 




~(p. 



o*/ 



F 




dH 



for tho noj>-ovor lapping condition is nogllclbly snail at low valuoo of 
optical density, Tho txicnitudo of tliio orror incroasos with incroasinc 
optical donsity pL, l,c., incroaood ovcrla ping of rotational IJLioo, and 



I 

I 

I 

I 

I 

I 



r 



4J0 



oon bo eotinatod readily by c’xiorical oalculr.tioao of tlio type doccribod 
in Section V,A. The ctrmtlcai Indicated by Eq, (25) tJion bcconos 









■h 









( 26 ) 



Infinite intocmlB of tliio type l^nvo been evaluated by Icdaiburc 
and Reidie for cTJOctral aboorption coofficionts c^von by Eq, (6) , The 
intecrations result in tlio o:;r)ro3aion 






/ ! I 



dt' - 2iT<Kj^jG jjoCiXi)'i^tCiK’)] 



(27) 



i/boro 

X, ' pi.A^«c 

J J J — X 

•= Bocool function of aero order 
= Boscol function of firot order. 
Substitution into Eq, (26) rooulta in 






;C) 




I 



a 



vrliere 

%■" pVSTTot 

Thio oqiiatioo indicates the nothod of calculation of the oirracd intonoity 
of radiation of a corioo of ncKi-ovcrlawinc rotational linos conposinc a 
CiTOn vlhratioa-rotatioa herd. 

Eq, (27) nay bo -osod to obtain aoynptotic llaitin^j foros for snail 
and larco values of The Bossol ficiction Uji(lf) coii bo written^ 

OB a *x3Uor oorios in ^/2 an follows: 

o/n/ /.'(ti+i)! z'C»*i)! j.'(»*3)! 

Thoroforo, incorporatint: ouitablo ©mansions of tlM rojainliic terns, 




-:^0: 



Lim %j G f Jo O’ tjJ'iJf (i t/j\ = 

^ Ik' j 



(29) 



-/f 



wbero only the first torn need bo rctainod for sufficiently omll valuos 
of Slrllarly, for lar:;e values of 

Om zrrd. Yj <? ’'[j^ O’tj) - O'MJ = ^ x TJn% (30) 

^ -y<» 

The application of Eq. (29) is Tartlcularly usoful in calculations in- 
volvlnc non-ovorlappinf rotational linos, Tho co-dition of lor;‘o 



9 ^ : 



I 



foi’ ^rfxich Dq, (30) a'TTilioB, ccncrcJ-ly iJiplioa the oocurronco of a pro- 
dablo ovorleppi:TC botx^scn rotational linos# 

At elovatod tca:;oratti:.’eo it is nocesaaz^y to consider tlio contri- 
butiono fiTOEi vibara-ticajal t3:^i3itionc othor tlian tlio 0 -♦■1 trcaisitions. 
For this roacx>n, tlxo total radiaticn intensity nust bo oalculatod by 
includlTiC in tho sin ir^icatod In Sq, (28) tcnns roeultinr fron tlio hi(^or 
vibrational tiaasiticma (2 «♦> 1, 3 -► 2, 4 3» otc,. In addition to 

1 -> 0 ), Purthortxorc, at larco optical densities, overtoao transitions 
any nabc apisrociablo contribotioao sudi that 'bho vibrational transitions 

2 G, 3 -^ 1 , 4 2, otc* Ewst bo considorod. 

For non-ovorlapping rotational linos tho intensity of rexiiatioa 
eaitted by tlie first ovortono is Given by on obvious oodification of 
Eq, (28), Thus, for the first ovortono of CO, 




x'i * ^ j .. 1 p^27T«: 



/ 






^^ 3-1 “ 



xjJicre 
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V. I^lj:ERICAL EmSGIVm CAI4JUL/ITIQIK ?(F. C/uT30II AT 300° K 

Tills section will bo dovotod to tho nir.iorical cnissivity cal- 
culations of cai’bon nonojdd© at 300° K, 

i« Ovorlannlnn PetiKson Ad.lacont Rotational Llnca 

As uio diccassod in Scctioas III and IV, oaiosivlty calculations 
for non-ovorlapplng linos, at tc!: 5 :«?aturos low enoucJi to porait nogloct 
of Doppler biroadoainc, can bo ccarricd out since the rotational lino- 
sbape is roprosentod satlofactorl3y by tho dispersion foraula of lorcntc, 

Sq. (6). 

To illustrato tho offoct of ovorlappinn on ?,# , reprocontativo 
calculations involvin^^ the contributions to P,/ frcci tvK> adjacent 
rotational linos havo boon carried out* In this ease tho correct expression 
for the erdosivity is evidently 




wiioro and P,^ roprosont, respectively, tlio valuoo of the sijcotral 
aboorption coefficients arising frota each of tho two rotational linos 
oepcratoly. If tlio two rotational linos are soparated svifflciontly to 
porniit necloct of ovorlappinc, then tlio spectral oniooivlty ic roprooont- 
ed by tho relation 

^ 1 - €ccp pL) + 1 - 0jq5 (-^Vx 

By ovaluatinf tlio difforonce Sh* fren Bqo* (32) and (33) wo oon 

doterrdno tlio crrc«r incurrod in nakh'^ mncrical orlsolvity calculatlono 



44 



if overlappfLng tuo adjacent rotational linos is Icnorod, The 

roaultinc ojqoroocioa is 



whidi can be used to oatirato tho amount by ^jiiidi noglect of ovorlappinc 
bot\;oon adjacent linos ovorostlmtes tlio value of tho eniosivity for 
(mH valios of pL and pL, 

Htiioslvity calculations for tuo rotational linos based on the 
correct egression civon in Eq, (32) , coii be used es a qualitative cuide 
in ascertaining the lialta of validity of tlieorotical calculationa based 
on a troat-ient for non-ovorlappinG rotational lines. Thus if tho optical 
density is sufficiently sraall to pomit neglect of ovorlappiiig betwon 
the two Btrongost adjacont rotational lines, then aaiosivity calculation* 
based on Eq, (2C) should give valid results. 

In Fig, 1 the s:aoctral absorption coofficiont is shown as a 
function of at a total prosouro of 1 ata, as calculated fren Dq, (7) • 

The rotational half-widtli uaod to construct Pig, 1 Is oC “ 0,06 ccT^. 
Roferonco to Pig, 1 slioua tliat tlio opootral absori>tion coefficient is a 
rapidly varying function of ^^at snail total prossmx)*, 

Roprosontativo valuos of calculatod fron Eq, (32) aro shoxm in 
Figs, 2 and 3 as a function of Kvith pL troatod as a variable poranotor, 
Roforonco to Fig 2 indicates tivit tho eniosivity at a point nithKiy 
botiKJon tho rotational lino contors whicli oro c!iaractcrlsed by tlio 
transitions n*0-#-n«l, j^S-^j «7 and j *■ 7 -♦ j = 6, ros^xictivoly, 
romins very snail (l,e,, ^ 0,2) for pL — 2 cn - atn, Sincso tho 





( 34 ) 
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inrlicx-tod troiioitiono correspond to tho t\fo noot intejioc rotctiouinl 
linos (cocrxiro Table VII) it appoars Jvistifiablo to conclude tJiat 
eniosivity calculations based on t!io uso of Sq, (23) vdll yield valid 
results for pL — 2 ca - ata, Calculationo sinilar to tiKXJo shown In 
Pic, 2 for ijitonso adjacent rotatioiml lines aro shora in Pic* 3 for 
woo!: rotational linos, nanoly, for tho linos corrospmdlnc to tho trcjisi- 
tions n - 0 n “ 1, j » 19 -*■ j » 18, and j » 13 ->*« j - 17. As is to 
bo Gspcctcd, tlao enissivlty ^pia roprosontod nore adoqiutoly Ijy Eq, 

( 33 ) for larpor 'vuluos of pL than i' ".rao for tlie noi« intense rotational 
lines doocrlbod in Fie* 2* AlthoucJi tho precise evaluation of errors 
orisinc fTon tho use of Eq. (23) is difficult to carry out, it is evi- 
dent fron tlio data described in Pies. 2 and 3 tijat tlie calculated vnluco 
of tlio cnissivity aro reliable at least to pL =■ 2 on - atn and probabiy 
to soriowJiat larcer values. Tliio conclusion is bomo out by t!» conpar- 
ison botwoen calculated and obeorvod ordsolvitiGO doscribed in Soctiem 
V.D. 



D. ibKigliUga ,.Qg Xar. SO Ag{r,fifl3.ilo,torto2aaL3 

Bgtygga 

This section vriU bo dovotod to tho detailed doacrlption of the 
application of the natlicnatical fomulationa outlined In Section TV for 
tlio calculation of the enissl'/ity of carbon nonozlde In tho special oaso 
wlien ovorlappinc bot»»on rotational linos can bo nocloctod. A detailed 
calculation will be deaciribod fee* tho folloidnc opoclal conditions: 



7oaiX!rc,tur© = yxPZ 
0 ticsal density « 0.1 cn - r.tn 

Rotationcl Ivilf-vridth ® O.Oo cri”^ at ataos:ihorxc reneur® 

Tho sani^lo c :.lculation will bo carrlod out by dotomininc f irct 
tho contributions to tlio Intoaoity of radiation node by two rotational 
linoa, tlion to perfora tl'.o surxntion over tlio contributlone sad® all 
rotational linos, arxi finally to convert tho evrajod radiant intonnity to 
eriosivity* 

Tho worldnc oq’.jation fron wiii values of the intensity of radi~ 
ation fron a oinals ro'feitional transition in tlio fundonontal vibration- 
rotation bciid can bo obtained 5_o dorivod fren f.q, (20) and can bo 
o::prosDod as 

_ yy 

Ij -J'Ch'jZjt,) %■ 

wlioro 

* intorJJlty of radiation froa a slnclo I'otatlonal line, 

4 ^*** blackbody intonoity of radiation cv^iluatod at tha lino 
canter for tho indicated tranoitioa, 

Tlio beat available ospoiii-Ksntal data indicate tlaat tlio value of 
tho rotational holf-trldth ot at 300°K is 0.077 ccr^i^*^liovjovor, tlio value 
usod in thlo canplo calculatlcai \rill bo O.OOC cd”^, tho orror introduced 
boinc of tiio ordor of cinco tho ocdsolvity for noiT-ovcrlcv pine linos 
its rouclily proportional to tlio aocu. .od rotational hnlf-’./idth (oeo Sootion 



I 



I 

I 
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IfuncricrJ. vn.luoci of the intccmtecl abcori^tior. of x'ot'’.tional linoo 
r.t 300<^K ha-v-o hacn camrlsed In Table VII, If the vnlijo of the into- 
nratod Gb3037ption for any teaxaition la laxovra, tlicn tlxc tom 

(Kii bo ovaluatod fc' any optical density,* 

Eoprecentati-ro mnorical values cjo liotod in the follovdae 
Table mi. 
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TABLC mi 

CALCUI/iTIOIi (F TIE TKTcI Xj PCEl TIIO 
GIVIIH TIUkllSmaB 



Transition 


e 0 — > 1 

j J - 1 


pL 


oC 


% * S + 1 pV277X 

J j J - 1 


1 -*-0 


2,0642 atcT^ cnT® 


0,1 c*. atn 


O.OS ca"^ 


0,521475 


10-^9 


7.9599 atET^ crT^ 


0.1 cn atn 


0.0<? ca~^ 


1.53354 



The torn is ovidontly dlnonaionloao, Tho tcnai 
and -3t/i(i^) aro dotei^ninod froa coopilationo ouch as tlioao {^Ivon \rj 
JolmJcB and Tlvas tho qxicmtlty, 

aT^s-; ^ 2 tt 0.1^ je Jo (itj) -ij, u r/)] 

nay lx© oalculatod. 



* Roforonco to Tabloo m(a oaid b) and XV*Il(a c.m! b) tlxTou^hoiTt 
this discussion will clarify tho entire procoduro uaod for nuiorical 
calculations. 
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Results of this calculation for tho rotctioaal transitiona 
1 0 Gad 3 X) 9 CTQ nlvon In tho following Tablo XIV, 

7131 S XIV 

CAICRLmCO CF TIE TSPJi p(Xj) FCE TV/0 GPOI TR/iir>ITiaS 





^ 0 - 




Jo(l%j 


-Udrj) 


Jo ~i j 




1 -► 0 


0 . 52 U 75 


0.59364 


1.06920 


0.269711 


1.33591 


0.20539 cbT^ 


10-^9 


1.55354 


.20525 


1.73229 


1 . 0^25 


2.79954 


0,45739 ecT^ 



Tho dooirod units for tho intensity of radiation aro orga crl'^oo’’^, 
Sin<» tl^ units of tljo tom aro asT^, it is obvious tlint tlio tom 

y nnst bo expressed in ot£»c <sx“ boo**'*'. Tables of Radiation 

Punctlonfl^^^^ list tli® ratio P./« ccj: as a firiotion of /iT(cn -®X), 

The toia R /* nox is equal to ti-jo onercy onlttod by a hlackbcK3y at 
the absolute toraporaturo T per tuiit tine, por mult area, in a wave 



lor^jth intorval botwoon and /^ + d /^ , througliout tlio oolid angle 2 7T 
steradians, divided by tho noxinun valuo of R;^ Adildi is dooignatod as 
R 1 gf-x, Tl:o quantity R x nax io given by tho oxprossioa, 



/f/» ncx 



r 3 ^-1 



21 . 20244 cjl(T/c 2 )'^ org ca"'^ eted 



( 36 ) 



vhoro 



3.732 X 1 D“^ erg soc*^ 
1.436 ca - °K 



Oo 



- 





49 



At 300®K it ia round froci Eq, (36) tiic.t 

ncac ® 3*14SS x IjO^ ercp ca^ coc"*^ 

Ualnc this valuo for It is a eir^^lo mttor to (X'JLculatc Ha. 

R X / >-» * f vhldi has tho dosirod dinonslons of ores - cn**^ - soc"*^# 

Tha product of R ^ * aid ropi'ooontc tho total radiant Inton- 

ait^ oontrilsated hjr a Given rotational lino. The ■various in-toTnodiato 
rfcepo involved in "the (Kilculatlon of Ij arc liotod In Table 3T focr t-jo 
rop3?Gi3on‘fcativo ro'bational linos. 

For any apocifiod conditions, the total intensity of radiation 
con bo found surEdaG tlio contributiono node by tho rotational linco 
eonposioG a civon -vibration-rotation bond acl:«rdlI^G -feo Eq, (2o), 

Dotailod oaloula-tions at a-tnoophorio T.rocsuro and 300°K for an oi>tlcal 
density of 0,1 coatn aro ahoun In Tables !T7l(a and b) and XVII (a and b), 
Roforenco to citlicr Eq, (5) or Bq, (H) indicc.'fcos tliat tlio -valiB 
of onlssi-vity is obtained fTota tho -valuo of total intoiisi'fcy of radiation 
by a di-vision by the -value of -tho to-tal blackbody in-bonoity of radiation 
under -the glvmi oondi-tiono. Tills quantity is deoicna’tod by Ro— «» 
tables of Planck* s P.adiation Functions and is convoniontly oalcula-tod 
free Sq, (lO) or -the oqui-walont rolatiCKi: 

/fo^c^= 6.4939390;^ (T/os)'^ (37) 

At 3<x/^ it is found tliat Rq_^o* “ 4.61655 x 10-^ org caT^ coo**^. 

This -valiK of He>-*> 0 o has boon used for -tlio calculation of -tlio 
cniosl-vi-fcy lls-tod in Tables XVI (a and b) • 
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TABI/3 Wlia) 

WCRK SIEGErr ?CR TUB CALCUIATIOir OF THB 2!I3Gr«TLT OP CMfflOIJ 
HQIJCKIDB ;sT 300®K (o(« O.OS ceT\ pL - O.l) ( j j - l) 



Transition 




j -<• i - 1 


< 

1 



1 0 


2.0642 


2 X 


3.9999 


3-^2 


5.7053 


4—3 


7.1007 


5-^4 


8.1347 


6-^ 5 


8.7803 


7-^6 


9.0499 


8-^7 


89603 


9 8 


8.5768 


10 9 


7.9599 


11 20 


7.1795 


12 11 


6.3096 


13 12 


5.3969 


14 — 13 


4.5085 


15 — 14 


3.6782 


16 -r 15 


2.9338 


17 16 


2.2873 


18 17 


1.7451 


19 — 18 


1.3031 


20 — 19 


0.95252 


22—21 


0,47826 


24 — 23 


0.22121 


26 <— 25 


0.094435 


28 — 27 


0.037266 


30—29 


0.013592 


40—39 


.003734 





e 


.521475 


.59364 


1.04867 


.35040 


1.44132 


.23661 


1.79334 


.16632 


2.05505 


.12809 


2.21815 


.10881 


2.28626 


.10165 


1.78256 


.16821 


1.70627 


.18154 


1.58354 


.20525 


1.42829 


.23972 


1.25523 


.28501 


1.07366 


.34176 


,39^2 


.40782 


.73174 


.48107 


.58365 


.55786 


.45513 


.63436 


.34717 


.79559 


.25924 


.77164 


.18949 


.82733 


.095145 


.90924 


.044008 


.95694 


.018787 


.98138 


.0074137 


.99261 


.0027040 


.99730 


.00074286 


.99926 



Jo(lXj) 


-iJi(itj) 


1.0^20 


0.269711 


1.29440 


.599829 


1.59063 


..924754 


1.93133 


1.30944 


2.36958 


1.67428 


2,66430 


1.94667 


2,80115 


2.07109 


1.96633 


1.29537 


1,87152 


1.20364 


1.73229 


1.06725 


1.57884 


.912393 


1.43447 


,759641 


1.30967 


.578008 


1.21146 


.495067 


1.13840 


.390944 


1,08700 


.304844 


1.00524s 


.233470 


1.03039 


.176228 


1.01690 


.130722 


1.00395 


.0951450 


1.00226 


.•0476240 


1,00048 


.0220040 


1.00009 


.8093935 


1^0000 


,00370685 


1.0000 


.0013520 


1.0000 


.0003714 



Transition 

i j -1 



1-^0 

2-^1 

3- ^2 

4- *- 3 

5- ^4 

6- ^5 

7- ^6 
0-*^ 7 
9-r 8 

3X) 9 

U 10 
22 -rU 
13 12 

14- ^13 

15- ^14 
2j6 -*► 15 

17 16 

18 -P. 17 

19 -rlS 
20-^19 

22 -V 21 

24—23 
26 -*25 
28 — 27 
30 — 29 
40—39 
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TABI£ X17I(a) (COimifJED) 



JoOXj) 




(300) 


I: 








J 


1.33891 


.208349 


13.0920 


2.72777 


1.89423 


.349380 


13.2654 


4.64030 


2.51538 


.431201 


13.4525 


5.80073 


3.25082 




13.6361 


6.648O5 


4.04386 


.535078 


13.8260 


7.39799 


4.61097 


.559416 


14.0122 


7.83865 


4.87304 


.569267 


14.2110 


8.08985 


3.26170 


.491633 


U.7jy73 


7.08291 


3.07516 


.478818 


14.6183 


6.99951 


2.79954 


.457385 


34.8158 


6.77652 


2.491^13 


.428763 


15.0252 


6.44225 


2.19411 


.394571 


15.2813 


6.02956 


1.32763 


.337110 


15.4604 


5.21186 


1.79653 


,323776 


15.6820 


4.92064 


1.52934 


.270615 


15.9053 


4.30421 


1.39184 


,227798 


16.1368 


3.67593 


1.28595 


.136629 


16.3791 


3.055U 


1.20662 


,348807 


16.6164 


2.47264 


1.14761 


.115397 


16.8664 


1.94633 


1.30410 


.0870127 


17.1304 


1.49056 


1.04983 


.0456549 


17.6633 


.806416 


1.02248 


.0216448 


18.2139 


.394236 


1.00948 


.0093568 


18.7973 


.175862 


1.00371 


.00373283 


19.3927 


.0720018 


1.00135 


.00335733 


20.0097 


.0271608 


1.00037 


.000373275 


23.5833 


.0088036 






21 - 


107.249 




107.249 

f* 


- 2.32314 X 


10*^ 




4.616-6 X 10-* 







TABIS sn(b) 



UCRK GIIEI2 F® TIE CALC’JL'iTia? CF TIE HilSSIVITY (F C/iJCOiJ 
IlOnoXIDE AT 300®:: (<?(= O.OS ca**^, pL » 0.1) (3 j -^1) 



Transition 




^yv 






3 - 1 -► J 






0 -#> 1 


2.0305 


.41389 


1 2 


4.0623 


.30315 


2-^3 


5 .S 4 C 5 


1.16191 


3-^4 


7.3259 


1.45741 


4 — 5 


3.4565 


1.63234 


5 6 


9.2004 


1.83033 


6-^7 


9.5514 


1.90016 


7 S 


9.5349 


1.09637 


S — 9 


9.1985 


1.32995 


9-^10 


8.6026 


1.71140 


30 -»n 


7.8191 


1.55553 


n -<^i 2 


6.9139 


1.37645 


12 13 


5.9609 


1.13745 


13 -.-14 


5.0246 


.99959 


14 ~»15 


4.1320 


.o21o2 


15—16 


3.3190 


.66023 


16 -^17 


2.6084 


.51392 


17—13 


2.0051 


.39339 


18 — 19 


1.5032 


.30004 


19—20 


1.1110 


■.22102 


21—22 


0.60567 


.12049 


25—24 


0.23845 


.057384 


25 — 26 


0.L2^^2 


.025249 


27 — 23 


-.051642 


.010274 


29—30 


.019455 


.0038704 


39 —40 


0.00000 


0 



e- 


-Jo O' Xj-.,) 


-/j. (tX-/ 


.66107 


1.04332 


0.21140 


.44567 


1.17009 


0.43795 


.31239 


1.35720 


. GWf ) 


.23234 


1.60579 


.94011 


.18593 


1.34306 


1.17599 


.16036 


2.03043 


1.35583 


.24954 


2.12322 


1.44842 


.15003 


2.12331 


1.44394 


.16042 


2.02993 


1.35534 


.13061 


1.38777 


1.20964 


.21103 


1,70230 


1.03795 


.25247 


1.53231 


.36461 


.30499 


1.38432 




.36302 


1.26537 


.56491 


.43963 


1.17612 


.44656 


.51670 


1.31200 


.34847 


.59516 


1.06351 


.26330 


.67306 


1.04013 


• .203/1 


.74079 


1.02266 


,15172 


.30170 


1.01122 . 


.11075 


.33647 


1.00363 


.06035 


.94423 


1,00032 


,02369 


.97506 


1.00015 


.012-62 


.93978 


1.0 


.00514 


.99611 


1.0 


.00194 


..0 


1.0 


0 
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TADLD m.{h) {COl72i:Z?^) 



Trane Ition 


JodZy.,) 




v> 4 ^ 


r. 


J - 1 J 


-iJ.OXj-) 






“V-/ 


0 -► 1 


1.25472 


.17257 


12.7551 


12.7551 


1 -♦ 2 


1*60304 


.29113 


12.5962 


3.6^ 


2-^3 


2.05179 


.37496 


12.4402 


4.66453 


3—4 


2.54590 




12.2369 


5.33533 


4 5 


3.01905 


.47470 


12.1363 


5.76110 


5—6 


3.33626 


.49960 


11.9913 


5.99110 


G -* 7 


3.576S4 


.51036 


11.3476 


6.05246 


7 -» 8 


3.56725 


.51031 


11,7049 


5.97313 


8 -► 9 


3.33527 


.49554 


11.5675 


5.73216 


9 — 10 


3.097a 


.43326 


11,4311 


5.50133 


10 -► 11 


2.74075 


.45223 


11.2953 


5.10036 


11 -^22 


2.yrjia 


.a379 


11.1655 


4.67COO 


12 ->13 


2.03951 


.33039 


11.0363 


4.19310 


13 — U 


1.33073 


.33354 


10.9117 


10.9117 


24—15 


1.62263 


.29470 


10.7331 


3.17925 


15 16 


1.46047 


.25047 


10.6655 


2.67139 


16 -..17 


1.33631 


.2SJ153 


10.5477 ’ 


2.13396 


17 — 18 


1.24399 


.16733 


10.4303 


1.74539 


18 - 1 . 19 


1.17438 


.13221 


10.3154 


1.35335 


19—20 


1.12197 


.09993 


10.2029 


1.01958 


21—22 


1.06393 


.05712 


9.9356 


.57038 


23 —24 


1.02951 


.023C4 


9.7793 


.27421 


25 —26 


1.01277 


.01253 


9.5926 


.12020 


27—23 


1.00514 


.005137 


9,4349 


.043364 


29—30 


1.00194 


.001940 


9.2425 


.or/930 


39 —40 


1.0 


0 


3.43^9 


0 










03.259 



Sz “ " “ — 23£59 ^ 1.80349 s ICT^ 

/? O— 4.6166 X 10^ 
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Tho rocoLts of nor® artoiisivo ordsclvity calculc.tions at 300°K 
and ctocsphoric prooauro ao a function of optlcscl donoity ere Hatod 
In Tcbla Xmi. 



TABiE mn 

EOSGIVITIIS AT 300% AID ATnOGPiinrjC HGSSmS ?CR 
I?Q!J-05?HIUAPFIDQ HOTATIOHIIL LliSS (of« o.OO crT^ ) 



pL 


Colculntod IMasivity 


Oboorvod Baiooivity^^^ 


0,1 m-atn 
0.5 « " 
2.0 « « 
6.0 " ” 
30.0 " ” 
70.0 " " 


4.3266 X 10"^ 
1.0305 X icr^ 
2.2324 X yrl 
3.9048 X lor^ 
8.3403 X irrl 
1,3547 X 10-2 


3.94 xlcK 
1.04 X Kr| 
2.21 X lO**^ 

3.35 X lCr| 
5.85 X 10“| 

7.94 X icr^ 



Referonco to Table X7III Indicateo oxooUent acyoerjont botwocn calculatod 
and observed Qaisoivitioo for optical donoitioo n? to 2 cn-ctn. At 
larcor o tied donoitioo tho ealcoLatcd oEdsaivitics exceed tlio 
naasurod values, TMg roaxCLt is in agreonont dtli tlio corxlusioas 
roachod in Section V,B f!roa a stvaly of ovcrla’.v^lnc botxjoon two adjacent 
rotational linos. This otidy eugg*estsd tliat overlap: ing cannot bo 
igaorod at prosouroo Gscooding about 2 ca-atn, Tlaus tho obeorvod dl«- 
cropancios botx/oen cdculatcd and oboorvod criissivitiofl cro tho rosult 
of tlic fact tint tho mtlienaticd toclinlquos uood for tlu) cdculation of 
lealoalvlty brook down at largo optical donsltico, Tho data listed in 
Table WU provido 1*-:o first quantitative confiiriation of tho fact that 
•cpirically obeorvod onlBcivitios agi'oo with eLiiooivitioo calculated 



f 



3 
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ftOQ opoctroocopic dc,uc at Im/ optical dcaiaiti®a» Tlrooo roaults 
•upplcEiont tJjo rosulto of provio'os calculationa^^*^'**^^ \diida ahouocl tint 
th* oalculatod tcE^'/oroture dopcEclonoo of onicaivity, oo woU ao nitncrical 
valuoo at larep optical donsltioo, agroo \rltli oboorvod data* 

Slnco the rotational half-^ri.dtli is prolxibly tlie least roliably 
known plx/oical constant entorir^ into tho probloa of quantitative 
eaioaivity calculations, it is of obvious ir^rtanca to datomlno tb* 
dopondonae of oniecivity on tho assmod rotational lialf-width £ov tho 
condition of no ovorlappinc botwoon rotational linos, r.oprosontativo 
results are oisnaoriaod in Table XIX and plotted in Fig, 4, Reforoiico to 
tlio data liatod In Tablo XIX and olwwn in Fig, 4 Indioc.tos tat tlio 
calculatod ortiSGivlty is rou^^ily proportio:aal to tlia aesuaed value of 
tto rotational Ijalf-^rldth, Purtliornoro, arreonont bot'woen calculated 
and observed onisoivitios la soon to bo boot for oC® 0,0o 
at low optical donoitioa, Sinco tho boat availablo estimto for of la 
0.077 <eT^ for CGlf-broadcninc^^*^^ tlia data of Fig, 4 suggest tiat 
tenoning of the rotational llntso of CO by air, wiildi \jas usod in tlio 
ospoiinentc of Ilottol and Ullrich, rrist 1» about ao effective aa 
broadening by CO. 

Tho rosulto of the prosont calculatione aro of oonoidorablo 
practical inportanco in tiv.t it has not boon roallnod In englnoortnc 
calculations tlvxt tlio oalaslvity is a sensltivo function of ccsipositlon 
xihidi dotoi^s tho rotational }ulf-^dth^^'^^ Thus wo mu.t oonclule 
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olict not only ic it not justified to c:rtrci -olato oniGSlvitieo lndiacrlr>- 
inatoly over torii>orc,t-uUX5, prosciuxj, or optical density intervals Ijy 
usinG unsound sinpliflcd equations, ljut It is also ossontial to consider 
tlio problon with tlis profpor ro^ard for tlio concentration of infrarod- 
iuo3rfc crises ♦ 

In tho (XE 5 )arisons procontod in Sections V.D and V.C bot^raon 
calctilatod and observed onlasivitioo, contributions fron tiio first 
ovortono and uppor hamonlcs Ixavo boon icnorod, Tlio intoMity of 
radiation eoittod fr<n those vibtmtlon-rotation bai'ids should, of course, 
bo included in tlio oalculatod raluoo of tho eraiasivlty, lioifovor, it is 
a slaplo xanttor to siioi^; tlaat for tlio conditions for vhlch overlapiiing 
botwon rotational liiioo ia erjall, tbo contributiomi to t!ie 

onisalvity ftosa ovortono transitions are also nocllnibly sxiall* 

Roperesontative ninorical values basod on tlio uso of Eq, (31) and 
of tho intogratod absorption values listed In Table X lead to the ovoi'- 
tono anissivitios listed in Table XIX as a function of optical density. 
It is evident frera Table XIX that tlio first ovortono contributions to 
the ocissivlty, for conditions for \rhich a troatnent based on non- 
ovorlap’iing rotational lines is valid, aro, in fact, loss tlmn 
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VI. co:jci/xioib sid rai nnzrn study 

The aaliont concluaions of the pronent aiiaXysis have olrocidy 
boon doscribod but ore emneratod hero for convenience. Tliey ore 

(1) Dnlosivitioo calculatod by reliable notliodo from tlio boot 
available opoctroocopic d£ita ct Im; optical donsitioo and roon tcopora- 
turo OfTTOo quantitatively with oxporlnontal rioacuronenta, 

(2) Tlia limits of validity of a trectnent baood on I-Lonpover lapping 
rotational linos ore defined coivjorvativoly by a ctxssidoration of over- 
lapping between two intonso adjacent rotational linoo. This concluoicn 
can, no doubt, bo mdo more quantitative taid loss rostriertivo bfr a noro 
dotailod study of tliO basic relations. Ho'.»vor, tine did not pomit 
further consideration of partial overlapping between rotational linoo. 

(3) Tlio oalGsivity at low optical denoitico ie, approsinatoly, a 
linear fmiction of rotational half-width, Thio result onplioeisoo the 
need for reliable half-width rioaDuraaento os a function of con»)ooltion, 
preaoia^o, and tonporaturo. 

Important problems whidi require further otudy are tho folloidng: 

(1) Enisoivlty calculations for rartial overlapping botiroon 
rotational linoo, in ordor to bridgo tho gap botwoen tho troataents bao- 
od on tlie aaeis^ptloii of n«i-ovDrlap'plng botwoon rotational linos and 
coopleto overlapping between rotational linoo 

(2) Eniooivlty calculations at olovatod toaperat ireo for ncm- 
ovorlo.pplr*o rotational lines. In order to domonotrato tliat the ton.xnv 
aturo-dopondonco of onisslvlty is calculated con'octly. Tho ::athocati- 
cal tochniquos for tl’-lo calculatlcm have ell boon worlocd out and 



63 



applied to a problera on tonporatiiro noasi.ircsi'jor.ta.''^' 

(3) It ia a -pai'ont at tho recent t±ne tJiat a tabulation of 
C3.SOOUO eniccirltioa , ovon far diatoaic noleculcq, cannot be ccorriod out 
coEiplotoly without tlio use of automtlc cooputir^ nachinos. For this 
reason, cone idorat ion should bo f;ivon to standaridiaation of t«duiiquoo 
adaptablo to nadiino calculations, particularly at olcvatod tocrpex'aturos, 
ulioro the entiro p-roblora of csilosivity calculations is ono^!:lo^:sly coo- 
plicatod by overtono transitiona, 

( 4 ) Tiio ontiro procTon of ecjissivlty calculations of oasoo is 
bosod on accurate knowlodc:o of ccqxsrlnontal data on integrated absorption 
and rotational half-width. It is tlioroforo obvious tliat tlio "rocont 
pi’ogrGn do:ionds ujxxi the aecurato z'oasuronont of tho roquirod opoctro- 
scopio constants, Furtl^or eid^cnsivo studios of tills typo ore being 
carrlod out at tlie Jet Propulsion Laboratoiy, 
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